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"Asbestos" is a generic term for a ntmber of hydrated 
krtu 
magnesivon silicates thatJ>/when crushed or processed separateW-
into flexible fibres made xsp by fibrils. They are resistant 
to heat and chemical action. Because of their unique pro-
perties they are of great commercial and industrial dLmpor-
tance. Asbestos is commonly used for paper products, A/C 
pipe, friction products, sealants, A/C sheets, gaskets, 
packings, reinforced plastics and textile. During the last 
century asbestos fibres have been Implicated in a number of 
lung diseases including mesothelioma, bronchogenic carci-
noma and pulmonary fibrosis. The potentiating effects of 
e;q}OSxire to asbestos and cigarette isnoking on the develop-
ment of bronchogenic carcinoma is also established by epi-
demiological surveys and es^erimental studies. Because of 
the carcinogenic and cowcarcinogenic properties of asbestos, 
there is need to replace this hazardous substance with some 
other relatively safer materials. For a successful repla-
cement of asbestos the following points have to be known 
and taken into considerations: 
i) Technical properties and functions of asbestos in 
the various fields of ^plications, 
ii) Properties of possible svibstitute materials, 
iii) Properties of asbestos and substitute materials with 
respect to toxicity. 
iv) Prices of such substitute fibres. 
In most fields of application, asbestos can only be repla-
ced by fibrous materials which -
a) meet the physical/technical requirements, 
b) are available in sufficient quantities and at 
reasonable costs, 
c) can be considered to be non-critical or at least 
less critical, particularly with respect to their 
biological effects. 
The asbestos substitutes are coimonly divided into the 
following categories: 
a) Man-made v i t reous f i b r e s , 
b) Synthetic crystalline fibres. 
c) Natural mineral fibres. 
Among natural mineral fibres, wollastonite is a 
promising asbestos substitute. In India, some of the asbes-
tos based factories are giving a trial to this mineral fibre 
as an asbestos replacement. In this respect, it is essen-
tial to obtain complete information about the biological 
effects of this mineral fibre v;ith a comparative study with 
asbestos. The following three basic approaches have been 
used to predict the toxicity of mineral fibres. 
(a) Epidemiology 
Epidemiological surveys and clinical observations in 
man although of undoubted value, the major disadvantage is 
t h a t occupational diseases/ often as dust r e l a t e d diseases , 
have a long latency period before disease c l i n i c a l l y beCftWies 
apparent. Therefore, by the time epidemiological s tudies 
have iden t i f i ed the cause of a disease, a large number of 
be 
individuals w i l l probablyyj^exposed to t h a t substance for many 
have 
years and wi l l / inha led a large cxomulative dose. 
(b) Animal experimentation 
(i) ^ vivo s tudies 
Animal s tudies were the f i r s t approach for confirming 
or predic t ing the t ox i c i t y of dust for humans. The animals 
are exposed by d i f ferent routes mostly i n t r a t r a c h e a l or 
i n t r ap l eu ra l in jec t ions or keeping them in inhala t ion cham-
b e r s . The animal s tudies are s t i l l the most r e l i a b l e system 
to man but i t also has some disadvantages. This approach 
can take several years to come at b io log ica l end-point, 
requires extensive f a c i l i t i e s and i s of course cos t ly . 
Further, increasing pressure i s being brought to bear against 
s c i e n t i s t s who use animals for t h e i r ejjperiments. 
( i i ) _In v i t r o s tudies 
For these s tudies various c e l l systems, bas ic and 
derived both c e l l l i ne s , were e j ^ lo i t ed under physiological 
condit ions to p red ic t the toxic p o t e n t i a l of the dus t . They 
are rapid, simple, economical and can screen a large number 
of samples simultaneously under comparable condi t ions . Lysis 
of erythrocytes in isotonic conditions by toxic dust has 
been used in many laboratories for predicting cytotoxic 
nature of the dust. This system provides a simple and 
rapid approach to study the interaction of the constituents 
of the dust with biological membranes. Results obtained 
from different laboratories indicate a clear correlation 
between hemolytic potential and cytotoxicity of different 
dusts. Further/ a correlation existed betvreen the hemolytic 
activity of mineral dusts _in vi t ro and the i r abi l i ty to 
cause lung fibrosis _in vivo. This system has been extensi-
vely on^loyed in th i s laboratory to correlate the hemolytic 
potency of different mineral fibres with the i r biochemical 
effects In t issues and has greatly helped in predicting 
the cytotoxic index of the f ibre . Therefore, in the present 
dissertat ion three var ie t ies of wollastonite fibre of Indian 
origin were compared with chrysotile, a known hemolytic 
fibre, for their toxic potential using human and ra t eryth-
rocytes in v i t ro . 
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INTRODUCTION 
A s b e s t o s i s e x t e n s i v e l y u s e d i n i n d u s t r i a l and 
commerc ia l a p p l i c a t i o n s b e c a u s e of i t s h e a t and f i r e r e s i s -
t a n t p r o p e r t i e s . The c o n s e q u e n c e s of d e v e l o p i n g l u n g 
d i s e a s e i n o c c u p a t i o n a l w o r k e r s e x p o s e d t o a s b e s t o s i s a 
ma jo r h e a l t h c o n c e r n ( C r a i g h e a d e t _a l . , 1 9 8 2 ) . There fore . -
t h e r e i s a n e e d t o r e p l a c e a s b e s t o s w i t h o t h e r m i n e r a l 
f i b e r s . Among t h e s x i b s t i t u t e i w o l l a s t o n i t e i s i inder t r i a l 
i n I n d i a . So i t i s i m p o r t a n t t o a s s e s s t h e b i o l o g i c a l 
r e a c t i v i t y of v / o l l a s t o n i t e s _in v i t r o and i n v i v o . A s e r i e s 
o f q u a l i t a t i v e and q u a n t i t a t i v e t e s t s have been u s e d i n 
o r d e r t o a s s e s s t h e b i o l o g i c a l r e a c t i v i t y o f s i l i c a t e s , one 
o f t h e s i m p l e s t t e s t f o r d e t e r m i n i n g t h e t o x i c p o t e n t i a l of 
m i n e r a l f i b r e s i n v i t r o h a s been a m e a s u r e of r e d c e l l 
l y s i s i n i s o t o n i c c o n d i t i o n s , whereby b i o l o g i c a l l y a c t i v e 
p a r t i c u l a t e s may i n d u c e membrane damage, c a u s i n g t h e 
r e l e a s e of hemog lob in which can be q u a n t i t a t i v e l y measiored 
spectrophotometrically. Most W^k^s have investigated 
the reactivity of different silica dust and various forms 
of asbestos (Stalder and Stober, 1965; Sakabe et ^ w 1970; 
Schnitzer and Pundsack, 1970; Harington et B1,, 1971; 
Rahman et al,, 191 A; Desai _et al,, 1975; Morgan et al., 
1977; Hiont et jl,, 1981; Singh et _al./ 1982; Skaug and 
Gylseth^ 1983; Singh et _al./ 1983). Individual particu~ 
lates may induce hemolysis by different chemical mechani-
sms although the available surface area of the sample is 
an Important factor in the reaction (Morgan et ^ ./ 1977) . 
In addition, chemical modification of the particulate 
surface by polymers (Schnitzer, 1974) or biological mate-
rials (Harington et _al./ 1971; Desai et al./ 1975; Desai 
and Richards, 1977; Singh et _al./ 1982 and 1983)may change 
the hemolytic potential. 
During the course of toxicological evaluation, it v/as 
also reported that hemolysis is proportional to the rate of 
lipid peroxidation (Bunyan et _al., 1960; Mengel and Kann, 
1966; Singh and Rahman, 1987). A few reports indicate 
enhancement of malonaldehyde (MDA) formation in biological 
system exposed to quartz, asbestos and other silicate dusts 
(Gabor and Anca, 1974, 1975; Chvapil et _al., 1976; Singh 
and Rahman, 1987) . The aim of the present study vras to 
evaluate the toxic potential of three Indian varieties of 
wollastonite (calci\am silicate) sample using rat and human 
erythrocytes for comparative hemolytic pattern and 
l i p i d peroxidat ion witli known hemolytic ch ryso t i l e asbes-
t o s . Morphological changes induced by wol las ton i tes were 
also scanned under e lec t ron microscope. 
REVIEW OF LITERATURE 
Wollas-tonite (calciuni s i l ie ate) 
Wollastonite is ari acicular or fibrous calcium s i l i -
cate mineral. Recently/ i t i s receiving considerable at ten-
tion as a possible asbestos substi tute. I t i s used as 
f i l l e r s for p las t ics , composite papers, flooring, insulation, 
friction materials and ceramics. I t i s a naturally occu-
rring mineral fibres with chemical foirmula - CaSiO^. The 
basic structure of th is mineral is an inf in i te silicon-oxy-
gen (Si20g), which i s similar but not identical to the pyro-
xene chain. The natural cleavage of th i s mineral as shown 
in Figixre 1, causes i t to form fibrous fragments. The 
thickness or thinness of the fibre i s direct ly related to 
thei r chemical compositions which varies from sample to 
sample. The cleavage of mined mineral masses resul ts in 
acicular or fibrous var ie t i es . The structxire of which 
imparts high strength to the mineral, which i s most 
important for many of i t s uses. Pure wollastonite 
Fig-1 Electronmlcrograph of Wollastonlte fibres 
ffq-1 
contains 48,3% CaD and 51.7% Sl02' Reserves of nat t i ral ly 
occurring w^^ollastonite are continuously being exploi ted 
mainly in the U.S.A. and Finland but also to seme extent in 
Mexico, Kenya/ India, U.S.S.R., New Zealand, Sweden and 
South Africa. 
Synthetic v a r i e t i e s of wol las toni te are also available 
commercially. They are produced by hydrothermal react ion 
between quartz and c a l c i t e . Tables 1 and 2 shov/ the fibrous 
charac ters , oxide weight and percentage composition of 
d i f fe ren t wol las toni te f i b r e s . 
Hazardous p roper t i es of wol las toni tes 
The a t t en t ion paid to the hazardous nature of natu-
r a l l y occurring mineral f ib res other than asbestos has been 
proven to be j u s t i f i e d , A high incidence of mesothelioma 
and p leu ra l radiologic abnormalit ies in Turkey was found 
exposed 
among people who 5wer^/to a group of volcanic non-asbestos 
s i l i c a t e f ib res , ca l led zeo l i t e s (Baris e t _al,, 1978 and 
L i l i s , 1981) . The possible hea l th hazards associated with 
other na tu ra l ly occurring fibrous minerals such as wol las-
t on i t e , s e p i o l i t e and a t t apu lg i t e have also been reported 
in the l i t e r a t u r e (Shasby _et j l , , 1979; Sors et _al., 1979; 
Baris e t _al,, 1980; Leineweber, 1980; Bignon e t a l . , 1980 
and Lineweber, 1981), 
Various s tudies have been undertaken on the heal th 
hazards of some types of calcium s i l i c a t e . In 1978, 
Table 1 
Sample Chemical formula SiO^ Fibrous 
of main component ^. c h a r a c t e r 
CaSi A 
(Fibrous natural 
wollastonite) 
Ca S±0. +++ 
CaSi B 
(Natura l w o l l a s t o n i t e 
wi th few f i b r e s ) 
Ca SiO. 2+1 
CaSi C 
(non- f ib rous s y n t h e t i c 
w o l l a s t o n i t e ) 
Ca SiO. 9+1 
CaSi D 
(Non-fibrous s y n t h e t i c 
tobe rmor i t e ) 
Ca^Si,017.2.5H^0 
D O 2 
10+2 
CaSi E 
(Fibrous s y n t h e t i c 
tobe rmor i t e ) 
Ca3Si^0^^.2.5H20 
Ca^Si^0^^.(0H)2 
2+1 
Br. J. Ind. Med. 41/ 116, 1984. 
Environ. Hlth„ Prospect. 51, 195- ; ' (1983) 
Table 2 - Oxide v/eight pe rcen tage composi t ion of calGium 
$ i l i c a t c sample^ 
S a m p l e 
L^ 
B 
C 
S i 0 2 
b 7 . 3 
5 2 , 3 
5 3 . 7 
MaD2 
ND 
0 . 6 
0 , 3 
MgO 
ND 
0 . 1 
0 . 5 
AI2O3 
2 . 6 
4 . 4 
1 . 0 
K2O 
0 . 3 
0 . 4 
0 , 7 
CaO 
3 9 , 3 
4 0 . 7 
4 2 . 7 
FeO 
0 . 6 
1 . 0 
0 . 7 
Envi ron . R^s. _26, 51-68 (1981) . 
3 - Samples con ta in some c h l o r i d e . 
ND - Not d e t e c t a b l e . 
8 
Boehlecke e t a l . reported a study of 104 men who had worked 
with wol las toni te which i s f ibrous in some ins tances . Four 
cases showed abnormalities on chest radiographs cons is tent 
with early pneumoconiosis.. Subsequently, Hahon e t a l . 
(1980) found t h a t t h i s type of wol las toni te enhanced the 
induction of interferon by influenza v i rus in manunalian 
c e l l cu l tu res , but the mineral per se did not induce i n t e r -
feron. Shasby e t _al. (1979) found an increasecLprevalence 
of chronic b ronch i t i s among wol las toni te workers. Huuskonen 
e t ^ . (1980) have reported t h a t a t about the same concen-
t r a t i o n and level of ej^osure to f ib res , about one- third 
of l imestone-wollastonite quarry workers who had been 
33<posed for a t l e a s t 10 years (mtan 21.5 years) had lung 
f ib ros i s whereas about one-half of the anthophyl l i te 
asbestos quarry workers e ^ o s e d for at l e a s t 5 years 
showed l\ing f i b r o s i s . A c l i n i c a l study was also car r ied 
out by Huuskonen e t ^ . (1983) in wol las toni te exposed 
workers at the quarry for a t l e a s t 10 years, comprised a 
t o t a l of 46 men. Their sputxjm specimens were normal while 
spirometry and nitrogen s ingle breath t e s t s indicated the 
p o s s i b i l i t y of small airways disease, three of the f i f teen 
non-smokers showed chronic b ronch i t i s , fourteen s l i g h t Ivmg 
f ib ros i s and th i r t een s l i gh t b i l a t e r a l p l eu ra l th ickening. 
Pot t s and co-workers (1978) have shown the hemolytic a c t i -
v i ty of wol las toni te on r a t erythrocyte in v i t r o which may 
cor re la te i t s f ibrogenic i ty _in vivo. Wright e t a l . (1980) 
foxind t h a t three separate samples of calcium s i l i c a t e 
produced marked hemolysis with sheep erythrocytes and they 
were also cytoxic towards P 388D1 c e l l s , a permanent c e l l 
l ine of transformed mouse c e l l s with many c h a r a c t e r i s t i c s 
of macrophage. Hiint et _al. (1981) had t e s t ed b io log ica l 
r eac t i v i t y of three samples of calcium s i l i c a t e s (A-C) in 
v i t r o using rabbi t erythrocytes and alveolar macrophages 
and compared with chryso t i l e and titanium dioxide. All 
composites were l ess reac t ive than chryso t i l e and more 
than t i tanium dioxide. The order of r e a c t i v i t y of each 
individual ccxnposite was d i f fe ren t in the t e s t system. Like 
chryso t i l e , composite-A, was highly hemolytic and i t s hemo-
l y t i c p o t e n t i a l was increased upon sonica t ion . Heat t r e a t -
ment also produced a l t e r a t i o n s in t h e i r hemolytic p o t e n t i a l . 
Skaug and Glyseth (1983) have reported t h a t synthet ic c a l -
cium s i l i c a t e s induce higher hemolysis in comparison to 
natura l ones, the difference i s accentuated by weak u l t r a -
sonication of the minerals . Calcium chela tors l ike EDTA 
and EGTA did not change hemolytic a c t i v i t y , while an inc -
rease in hemolysis was obseirved when calcium (30 rriM) was 
added in the incubation medium. 
Calcium s i l i c a t e s (A-C) t e s t ed by H\ant _et _al. (1981) 
were equally act ive in reducing alveolar macrophage v i a b i -
l i t y and l ike chryso t i l e , calcium s i l i c a t e B in te r fe red 
with collagen depd)sition in lung f ib rob las t c u l t u r e s . Skaug 
e t ^ 1 . (1984) have used pe r i tonea l macrophages for in v i t r o 
cy to toxic i ty of calciiim s i l i c a t e s (three synthet ic and two 
10 
natura l ) (Table 1) and repoi-ted t ox i c i t y towards the c e l l 
by one synthet ic and two na tu ra l ly occurring mineral f i b -
r e s . They induced se lec t ive re lease of p-glucuron3^_dase 
from the c e l l s . Pa i les e t _al. (1984) have exposed alveo-
l a r macrophages in cul ture to chryso t i le asbc s tos , wol las-
ton i t e or la tex , for 72 hr, no effect on oxygen consumption 
or c e l l u l a r volume was observed. However/ treatment of 
alveolar macrophages with as l i t t l e as 25 yug asbestos/ml 
for 24 hr increases lysosomal enzyme re lease even af ter 72 
hr pas t exposure. 
Schepers e t _al. (1955) ej^osed guinea p igs , r a t s and 
hamsters to two v a r i e t i e s of commercial hydrous calcium 
s i l i c a t e dusts (Ca^SiO. and Ca^SiO^) by inhala t ion rou te . 
Some animals v/ere ej?posed for 36 months. The dust induced 
some per ibronchiolar f i b ros i s , and e p i t h e l i a l i z a t i o n of 
a t e l e c t a t i c a lveol i was seen. Also, in the per iod 1965 to 
1970, P.F. Holt a t Reading Universi ty, U.K. (personal 
communication) undertook an inhala t ion study using guinea 
p igs which were ej^osed to f inely divided calcium s i l i c a t e 
powder prepared from insu la t ion ma te r i a l . However, no 
pathological e f fec ts of dust inhala t ion were found. In vivo 
b io log ica l r e a c t i v i t y of three respi rable samples of c a l -
cixom s i l i c a t e was compared with chryso t i l e and t i tanium 
dioxide in r a t lung using nvimerical, cytologic al and b i o -
chemical parameters (Richards e t _al., 1981). Di f ferent ia l 
dose dependent e f fec ts were produced by the composites. 
11 
which were all more reactive than titanium dioxide initi-
ally, although after clearance many of the induced altera-
tions induced by two composites v/ere practically reversible 
(Richards ijt _al., 1981). Bolton et _al. (1986) also exami-
ned effects of respirable dust from three commercially pro-
duced calcium silicates in laboratory rats by long term 
inhalation and injection techniques, no discernible effect 
was found on the length of sxirvival of the treated animals 
as corrpared to control after one year of exposure to a dust 
cloud of 10 mg/m , No pulrronary lesions were found that 
appeared associated with the inhalation of calcium silicate 
per se. 
Erythrocytes 
Ever since the discovery of erythrocyte by Jan 
Swammerdam and Anton Von Leeuwenhock in seventeenth century 
as "small round gloubules" the structure and function of 
erythrocytes have been a fascinating field of biomedical 
sciences. Probably, because of its easy availability and 
simplicity, the red cell is among the most studied systems. 
be 
It has been proved to/a better model than other tissues for 
studying many biological phenomenon such as membrane func-
tioning, cell differentiation and aging, medicine and basic 
science providing knowledge of diagnostic and therapeutic 
importance. 
The literature available on erythrocytes is too 
12 
voluminous. Survey of the literature here is, therefore, 
restricted to the areas of interest relevant to the pre-
sent work witli a view to eiTiphasize the importance of choo-
sing the erythrocyte as a model for studies in relation to 
particulate air pollxitants toxicity. 
Structure of Srythroeytes 
Shape 
Erythrocyte in its limited life span of about 120 
days originates froit tiie stem cells of the bone marrow, 
passes through an intricate prpcesses of differentiation 
and losses nucleus and nuclear menibranes, yet remaining its 
native shape. Towards the end of the lite span a spherical 
morphology is endowed so that they are trapped in the reti-
culoendothelial cells of spleen for catabolism. The whole 
process is under the delicate control of hemopoietic system. 
Red cells in circulation through large blood vessels 
be, ^ 
tend tOyj^ a mushroom cap or parachute shape owing to the 
normal force of blood flow and are in a state of progre-
ssive transformation of the biconcave disc into ellipsoidal 
morphology (Schraid and Wells, 1969 and Skalak and Branemark, 
1969). Such limited deformity is essential for the cells 
to successfully cope with the small passage in the micro-
circulation and also accounts for some of the rheological 
properties of blood. Excessive mechanical deformation of 
red cells lead to the permanent transformation of red cells 
13 
from typical biconcave disc into other shapes (Chicn _et _al,, 
1971). 
Normal healthy human cells are typically in a bicon-
cave disc configuration and termed 'discocyte'. According 
to Branemark and Landstrom (1963), red cells recover from 
mechanical deformation in the microcirculation and assume 
their equilibrium form, the biconcave disc, within a frac-
tion of second after the elimination of deforming force, 
indicating that this form is the state that requires the 
least energy to be maintained and as such themodynamically 
most feasible shape (Canham, 1970). 
Ultra structure 
Ultrastruct\iral studies by transmission and scanning 
electron microscopy with the help of either thin sections 
or freeze fracture techniques have revealed the presence of 
two types of particles in the gross structure of red cells, 
cytoplasmic and membrane associated particles. Cytoplasmic 
contents of mature red cells in electron microscope appears 
as a monotonous field of moderately electron dense amorph-
ous or very fine granulofibrillar material. They show a 
closely packed structure and under physiological conditions 
their distribution is unorderly and random. 
Maturation of erythrocytes 
The circulating human red cells are devoid of nucleus 
and associated DNA, and is, therefore, not capable of 
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synthesizing RNA. The residual mRNA and associated ribo-
somes after loss of the nucleus remain for 2 or 3 days 
during which the cell is called reticulocyte and is capable 
of synthesizing protein. Reticulocytes can also synthesize 
hsme, lipids and purines and have an active tricarboxylic 
acid (TCA) cycle and oxidative phosphorylation system. 
After reticulocyte stage the cell losses its oxida-
tive phosphorylation system. Oxygen consumption and carbon 
dioxide (CO ) production by the mature red cells are 
sluggish and occior only through the pentose shunt pathway. 
Only remnants of the TCA cycle remain in the form of cer-
tain enzymes, and the cycle is inoperative. The mature 
cells are also incapable of lipid synthesis and de novo 
purine synthesis. 
Compsotion of erythrocytes 
Composition of an erythrocyte cell depend on the 
following three factors; genetic variability, age variation 
and variations in donor age groups (Haschen, 1968; Brewer 
and Sing, 1969; Blum, 1970; Paglia and Valentine; 1970; 
Fischer and Walter, 1971 and Giblett and Chen, 1972) . 
Nonetheless, they share the common features. Some of the 
components of the erythrocyte exist entirely in the struc-
tural matrix while other-4occur in both the membrane and the 
free fluid of the cell. Composition of erythrocyte membrane 
could best be studied by ghost preparation obtained after 
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the hypotonic lysis of erythrocytes. It contains about 50% 
protein, 43% lipid and 7% carbohydrate. Distribution of 
protein was found to be asymmetric across the membrane 
whereas phospholipid population is diverse. Corbohydrates 
are confined to the exterior surface of the membrane. 
Proteins 
Probably/ dozens of species of protein molecules are 
represented in red cell membrane (Dodge et ^ ., 1963 and 
Fairbanks, 1971) . Some of the polypeptides are tightly 
bound to the membrane and others are loosely associated with 
it. About half of the amino acids of the red cells are 
associated with the cell membranes. 
Proteins of erythrocyte membrane can be divided into 
three groups depending upon their sol\±»ility in aqueous and 
detergent containing solvents. They exhibit remarkable 
differences in the content of acidic and non-polar amino 
ocids (Rosenberg and Guidotti, 1969). Diversity in the 
mass represented by various species of proteins hav^ also 
been observed in erythrocyte membrane, e.g. "band III", 
protein consists of over one million amino acids (Fairbanks, 
1971), whereas only 200 sites of Na"*", K"*"-sensitive ATPase 
per membrane wev^^ound (Dunham and Gunn, 1972). 
Keeping in view the asymmetric distribution of pro-
teins across the red cell membrane, spectrin (Tanner and 
Gray, 1977), ATPase (Marchesi and Palade, 1967) and NADH 
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diaphorase are located at the cytoplasmic surface of the 
membrane: band I I I (Bretscher, 1971 and Fairbanks^ 1971) 
and glycoprotein (Segrest e t j j . * / 1973) span the e n t i r e 
thickness of the membrane and acety lchol ines terase i s loca-
ted at the outer surface of the membrane (Keifcr t;t a l , , 
1970). Other enzymes such as ca ta lase , t r lose-phosphate 
dehydrogenase and DNAse (Alivisatos e t Bl»f 1956) and NADP 
nucleoside along with three proteases are also reported to 
be associated with membrane. 
Quite a few enzymes of the erythrocytes have been 
foxind to show polymorphism. The enzymes for which polymor-
phism has been es tabl i shed include acid phosphatase, phos-
phoglucomutasc/ adenylate kinase, carboxy pept idase A and B 
(Harris, 1966), glucose-6-phosphate dehydrogenase, 7-phos-
phogluconate dehydrogenase (Fildes and Parr , 1963), g lu t a -
mic-pyruvic transaminase (Chen and Giblet , 1971), malate 
dehydrogenase (Davidson and Cortner, 1967), glutathione 
reductase (Long, 1966) and galactose-1-phosphate u r i d y l t r a -
nsferase . Protein d ivers i ty re la ted to multimolecular forms 
in a given individual has also been observed in ery throcyte . 
This d ive r s i ty supposedly occur by the va r i a t ion in genetic 
make up at a given locus and i s represented by isoenzymic 
nonsegregating forms. Such va r i a t ions may occur even with 
those enzymes for which no polymorphism has been reported. 
I t i s generally assumed t h a t hemoglobin i s in p a r t bound to 
membrane substances. 
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Lipids 
Studies on erythrocyte lipids have been quite exten-
sively reviewed (Rouser et ^ ../ 1968; Sweeley and Dawson, 
1969; Cooper, 1970 and Stephen et _al,, 1972) . Erythrocyte 
lipids, like all structural lipids, are characterized by 
amphoteric properties resulting from the combination of 
hydrophobic and hydrophilic regions in one molecule. Lipid 
composition is rather complex due to the occurrence of 
variants both in polar and apolar moieties of the molecule, 
10 The amoxont of total lipids in 10 cells is found to be 
about 5 mg, which may comprise about 6C% phospholi-
pids, 30% neutral lipids and 10% glycolipids. The variation 
in the above values are likely depending upon the soxirce 
and age of blood samples. This may be merely a consequence 
of differences in size betv/een the various cells. 
Neutral lipids constitute the -unesterified fatty 
acids, glycerides (mono, di and triesters), sterols and 
sterol esters. It was found that free cholesterol comprised 
a major component of the neutral lipids in erythrocytes. It 
is randomly distributed and present throughout the thickness 
of the membrane (Higgins et _5l., 1973). Quantitatively the 
most important fraction of the red cell lipids arc the phos-
pholipids or phosphatides, include glycero and sphinophos-
pholipids. In rat erythrocytes, lecithin is the most impor-
tant phospholipid but in sheep cells, this reaction is com-
pletely absent and is being compensated by sphingomuelin. 
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Glycolipids are strongly bound to the membrane struc-
ture and constitute about 5 to 10% weight of the total 
lipids of a red cell. The sugar containing lipids in ery-
throcytes are chiefly glycosphingolipids and fall into two 
categories: glycosides and hematosides. Some of the glyco-
sphingolipids have been shown to possess blood group acti-
vities (Watkins, 1970, 1972) . 
C arbohydrate s 
Carbohydrates constitute the third major component 
of the erythrocyte membrane and cure confined to the exterior 
surface of the membrane as oligosaccharide moieties of gly-
coproteins and glycolipids (Hanahan et _al., 1960 and 
Sweeley and Dowson, 1969). They are, for the most part, 
responsible for the surface charge and surface determinant 
properties. 
The erythrocyte has a negative charge at its electro-
kinetic surface xinder physiological conditions (Cook et al./ 
1967), carboxyl groups of sialic acid residues, the major 
red cell glycoprotein, are responsible for most of this 
negative charge (Eylar et ^ .# 1962) . Protein bound sugars 
and polar membrane lipids may provide for the remainder of 
the charge sites (Wallach and Zahler, 1966 and Haydon and 
Seaman, 1967) . 
Membrane glycoproteins and glycolipids act also as 
surface determinants by virtue of their asymmetric orien-
tation so that their oligosaccharide chains are at the 
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exterior of the cell and thus they can interact with anti-
bodies, viruses and other recognised factors. 
Lipid peroxidation 
Membrane phospholipids are arranged in bilayer 
structxire. Under physiological conditions they are largely 
in fluid state. Association of membrane enzymes and trans-
port system with specific lipids has been well established 
by several workers (Schairer and Overath, 1969; Wilson 
et sil., 1970 ; Wilson and Fox, .1971^/ Mavis and Vagelos 
.1972 / Tsukagoshi and Fox, 1973), Lipid requirement for 
some membrane-bound enzymes are non-specific since they arc 
influenced by a variety of ^^f;^^fYn6f, e.g. cytochrome oxidase 
(Brierly and Merola, 1962), phosphatidic acid phosphatase 
(Coleman and Hubscher, 1963), etc. Both the saturated and 
unsaturated fatty acyl chains occur in the phospholipids of 
biological membranes. Unsaturated fatty acids have been 
found to be more effective in reactivation of enzymes than 
saturated fatty acids (Rothfield and Raneo, 1971; Jurtschuck 
et al., 1961; Jones and Walkil, 1967). 
Removal of fatty acyl chains of membrane phospholipids 
by intrinsic or extrinsic phospholipases or peroxidative 
degradation of their fatty acyl chains are expected to affect 
conformation of protein and membrane fluidity and thereby 
modulating structure and function of biological membranes. 
Lipid peroxidation involves peroxidative degradation 
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of fa t ty acyl chains of t i s s u e l i p i d s including membrane 
phospholipids by d i r ec t reac t ion with molecular oxygen a t 
the a l l y l i c pos i t i on . Peroxyradicals are formed a t the 
unsaturated s i t e s . These are free r a d i c a l s . Thus chain 
react ion of cleavage in the alkyl chain i s se t in motion 
(Demopoulos, 1973 and Tappel, 1973). The u l t imate products 
of l i p id peroxidation eire l i p i d peroxides/ aldehydes, acidS/ 
ketoacids/ epoxy compounds and short chain alkanes l ike 
ethane and pentane. Two c lasses of l i p i d peroxidat ion have 
been reported in l i t e r a t u r e , namely, non-enzymatic and 
enzymatic. The non-enzymatic l i p i d peroxidation can be 
induced by iron and ascorbate while the enzymatic process 
i s NADPH dependent (Wills, 1969a, b ) . The enzymatic l i p i d 
peroxidation requires ADP-chelated iron (Hochstein and 
Emes te r , 1963; May and McCay, 1968; Foyer and McCay, 1971), 
Lipid peroxidat ive damage to biomolecules 
Lipid peroxidation causes damage to p ro te ins and 
nucleic acids because of sxibsequent reac t ions of peroxy 
free r ad i ca l s which i n i t i a t e r e l a t i v e l y non-specif ic hydro-
gen abs t rac t ion and chemical addition r eac t ions . Peroxida-
t i v e damage of f a t ty acyl chains of membrane phospholipids 
leads to loss of f a t ty acids of membrane l i p i d s . In addi-
t ion , a nijmber of peroxidative breakdown products such as 
l i p i d hydroperoxides, malonal dehyde, f a t ty aldehydes 
and ketones are also generated (Bus and Gibson, 1979; Plaa 
and Witschi, 1976; S la ter , 1979; Tappel, 1980; Pryor e t a l . . 
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1976). Products formed during l i p i d peroxidat ion are cy to-
toxic (Dianzani and Ugazio, 1978; Recknagel e t al., 1977). 
Malonal .dehyde, a product of l i p i d peroxidation may 
exer t mutagenic and carcinogenic ef fec ts (KuXai and Golds-
t e in , 1976; Sharriberger e t _al./ 1974). I t binds v/ith the 
amino group of phosphatidyl ethanolamine and amino group of 
p ro te ins (Koster and Slee, 1980). The react ion of malonal-
.dehyde with DNA produces physiochemical e f fec t s sugges-
t i ve of i n t e r - s t r a n d c ross - l ink ing (Reiss and Tappel^ 1973). 
I t also causes loss of b io log ica l ac t iv i ty of DNA (Klamerth 
and Levinsky, 1969; Pie t ronigro e t a l . , 1977), DNA c ros s -
l inking can in te r fe re with the synthesis of mRNA and p ro -
t e i n s and thus i t can d r a s t i c a l l y impair c e l l u l a r funct ions. 
Lipid peroxidat ive damage to subcel lu lar and c e l l u l a r 
membranes 
Biomembranes and subcel lu lar organel les are major 
s i t e of damage by l i p i d peroxidat ion. Mitochondrial and 
microsomal membranes contain r e l a t i v e l y large ariounts of 
polyunsaturated fa t ty acids in t h e i r phospholipids 
(Fleischer and Rouscr, 1965). Some of the powerful ca ta lys t^ 
t h a t i n i t i a t e l i p i d peroxidation such as coordinated iron 
and heme pro te ins are in close molecular proximity to these 
polyunsatvirated l i p i d s whose peroxidation may effect mem-
brane p ro te ins or may even cause p a r t i a l complete disorga-
n isa t ion of membrane s t ruc tu r t , The de le te r ious effectdof 
l i p i d peroxidation on manbranes include increase in osmotic 
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f r a g i l i t y (Helszei e t _al., 1980)/ membrane permeabil i ty, 
inac t iva t ion of membrane bound enzymes and cross- l inking 
of membrane cons t i tuen ts (Tappel/ 1973, 1980), Lipid pero-
xidation has been cor re la ted well with swelling, l y s i s and 
f ina l ly v/ith d i s in tegra t ion of mitochondria (Mcjcmight e t 
e t _al./ 1965; Hunter e t a l . , 1964), 
Red blood c e l l membranes are l ab i l e to l i p i d pe rox i -
dation because they contain polyunsaturated l i p i d s and are 
d i r ec t ly e:>q>osed to molecular oxygen. Tsen and Col l i e r 
(1960) showed tha t damage to erythrocyte membrane may r e s u l t 
from the formation of l i p i d peroxides . Kann and Mengel 
(1965) observed t h a t erythrocyte membrane w i l l undergo l i p i d 
peroxidation iji v i t r o i n vitanin E def ic ien t mice during 
hyperoxia. This lead&to hemolysis of red blood c e l l s which 
involves bd)th d i rec t damage t o l i p id s t ruc ture of t h e i r 
membranes and inh ib i t ion of erythrocyte ace ty lcho l ine -es te -
rase ac t i v i t y by l i p i d peroxides (O'Malley e t _al., 1966). 
Bicmembranes and dust 
Life i s an orderly se l f - regula ted functioning of 
s t ruc tu ra l and r e l a t i v e cons t i tuen t s , organised in an e f f i -
c ien t specif ic manner. In t h i s functional organisat ion, 
biomembranes form the chief a rch i tec ture (Singer and Nicol-
son, 1972) be in- influx or eff lux of molecules, energy 
production, p ro te in synthesis , de toxi f ica t ion of xenobiotics 
and/or eventual s e l f -des t ruc t ion . In response to s t r e s s by 
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environmental xenobiotics, i t i s t h e i r r e s t r i c t e d / regula-
ted or modified entry across b io log ica l membranes t ha t p r e -
c i p i t a t e se lec t ive t a r g e t toxic e f fec ts (Vishv/anathan e t _al., 
1981). 
Biological b a r r i e r s to xenobiotics 
Outside 
i 
, i 
V 
Extra cellular fluid 
Extra cellular interstitial fluid 
Extracellular plaana fluid 
i 
Intracellular fluid 
Intracellular membranes 
i 
Mitochondria 
i 
Lysosomes i 
Endoplasmic reticulum 
i 
Golgi complex 
The membrane may/able to defend or izndergo only 
reversible changes leading to negligible effects. But when 
membrane yields in a cascade the biochemical changes are 
triggered leading to toxic conditions as in case of asbes-
tosis (Rahman et al», 1977), This is the pTienomenon 
responsible at least partially for cytotoxicity of dusts. 
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Erythrocyte plasma mernbrane 
Erythrocyte meiribrane is also damaged by the noxious 
dusts (Macnab and Harrington, 1967; Secchi and Rezzonico, 
1968; Schnitzer and Fundsack, 1970; Desai et al., 1975). 
Prom the biochemical point of viev; the observation of 
Secchi and Rezzonico (1968) that red cell manbrane boiand 
acetylcholine-esterase is adsorbed on asbestos more effec-
tively than the soluble LDH suggests a direct interaction 
with menibranes. Harrington et _al. (1975) have reviewed the 
direct hemolytic effect and the indirect effect through the 
sensitization of complement of asbestos and the inhibition 
as well as mechanism involved. Since the hemolytic activity 
of asbestos is reduced by adsorption of polyanions, it X^  
likely that the action of cations on sialoglycoproteins is 
likely to be involved in hemolysis and sialoglycoproteins 
seem to be the likely loci involved, and magnesium, a cau-
sative factor (Schnitzer, 1974; Harington et _al., 1975) . 
More direct evidence comes from the observation of a quali-
tative relation between hemolysis and solubility of silicic 
acid and cations from asbestos and other silicates (Rahman 
et al., 1974; Singh et al., 1983), The relative hemolytic 
activity of various silicates shov/ed that chrysotile which 
was the most soliible caused the maximum hesaolysis. Chemical 
treatment which altered solubility also affected hemolysis 
(Singh et _al., 1983), Similarly, phosphate which decreased 
the solubility of asbestos inhibited hemolysis (Morgan 
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and Holmes, 1969). Hayashi (1974) has shown that on hea-
of 
ting/chrysotile at different temperatures/ hemolysis, 
cytotoxicity and dissolution of silica and magnesium are all 
affected to suggest an inter-relationship, Jaurand et _al. 
(1979) have shown that hemolysis by asbestos fibres result 
from an increase in membrane permeability and not from rup-
ture of red blood cells. The effect of chrysotile asbestos 
on RBC is at least partly, attributable to lipid interac-
tion and adsorption on the fibres. Preinciobation of chry-
sotile with lipids, either as RBC membrane or with pure 
liipids in the form of liposomes, prevent hemolysis. It h^g 
been suggested that these membrane effects of chrysotile 
/asbestos may have relevance to the mechanism of its carci-
nogenicity (Shabad et _al., 1974) , 
Interaction of particulate air pollutants with special 
reference to erythrocyte membrane 
To assess the noxious nature of mineral dusts, hemo-
lysis of erythrocytes has been used as an index by several 
workers. Macnab and Karington (1967) foiind that certain 
varieties of asbestos minerals also had hemolytic proper-
ties. Secchi and Rezzonico (1968) showed that chrysotile 
had marked hemolytic activity while amosite, crocidolite 
and anthophyllite had much less, if any, activity. Haring-
ton (1973) reported that the hemolytic activity of amphi-
boles was enhanced by a heat labile senam factor while that 
of serpentines was unaffected. Schnitzer and Pundsack 
(1970) conducted hemolytic experiments with sixty materials 
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including native and modified minerals and metallic oxides. 
Ever since Stalder and Stober (1965) demonstrated the abi-
lity of dusts to lyse erythrocytes, the release of hemoglo-
bin on treatment with various dusts have been followed by 
several workers. However/ most of these studies had been of 
an exploratory nature without any indepth biochemical 
support. 
Three views have been put forward to explain the 
mechanism of hemolysis: 
i) The hemolytic agents adsorb the lipoprotein and the 
protein of tJie erythrocyte monbrane, sccchi and 
Rezzonico (1968) postulated that the erythrocyte mem-
brane components are adsorbed by chrysotile. The 
enzymatic proteins bound to red cell membrane such as 
acetylcholinesterase are more effectively adsorbed 
than the enzymatic proteins present within cells such 
as lactate dehydrogenase. These observations suggest 
that the high heirc)lytic activity of chrysotile is rela-
ted to the adosorption capacity of the dust for the 
erythrocyte membrane components, 
ii) On the other hand, Harington (1974) postulated that 
the hemolytic activity of chrysotile may b-- due to the 
magnesium hydroxide surface which can be covered up 
or modified by chelating agents. The role of chemical 
nature of fibre surface in hemolytic effect of asbestos 
also became evident from the obseirvation that poly-
anion adsorption reduces this effect (Schnitzer, 1974). 
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iii) Third viev/ proposed that hemolysis by asbestos 
results from an increase in permeability of membrane 
and not by erythrocyte meinbrane rupture (Javurand et 
al. (1979). The effect of chrysotlle on erythrocytes 
partially, if not fully,/attributed to lipid extra-
ction and adsorption to the fibres. A possible role 
of Mg in lysis also comes from the observations on 
the inhibition of asbestos hemolysis by the cation 
exchanger carboxyl methyl cellulose (Kaw and Zaidi, 
1975) . The mechanism of amphibole hemolysis is 
suggested to be due to interaction between the fibre 
surface and proteins in the erythrocyte membrane. A 
positive correlation between hemolytic activity and 
adsorptive capacity of human serum albumin was demons-
trated that leaching of chrysotile induces modification 
of biological effects of fibre resulting in tht- reduc-
tion of hemolytic activity (Valeno ©t _al., 1980) , 
It has long been recognised that silica dust is much 
more fibrogcnic in man and experimental animals than 
most other materials. Hemolytic activity was apparently 
less than 100% at any silica concentration (Harley and 
Margolis, 1961). This may be due to the disruption and 
partial precipitation of the cell contents. It has been 
proposed that toxic effects of silica were due to the capa-
city of polymeric silicic acid to act as hydrogen donor in 
the formation of hydrogen bonded ccxnplexes v/ith active 
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groups such as quartemary nitrogen and phosphate ester 
groups/ phospholipids arc to a lesser extent, secondary 
amide groups of proteins (Nash et al,, 1966) , 
Polyvinylpyrrolidine-N-oxide (PVPNO) preferentially 
forms hydrogen bonds v;ith silicic acid and prevents the 
permeability changes induced by silica dust. Studies of 
otalder and Stober (1965) showed that specific cytotoxic 
effects of silicogcnic dusts were the result of injury of 
biological membrane. Inspite of .the fact that it is not 
involved in the pathogenic mechanism leading to silicosis/ 
th© erythrocytes offered new possibilities for elucidating 
reaction between the silicate (SiO„) dust and biomembranes. 
Membranes lecithin and cholesterol were adsorbed by silico-
genic dust at higher rates than by inert dusts. This fin-
ding supported the hypothesis that silicogenic dusts inte-
ract primarily with membrane lipids/ resulting in the 
transformation of membrane lipid from disk to pillar shape, 
loss of permeability, colloidal osmotic swelling and finally 
lysis of the attached membrane structixres and cells. 
Suggested mechanism of membrane damage 
According to lipid adsorption theory of Stalder and 
Stober (1965), the mechanism of hemolysis by silica invol-
ved adsorption of lipids from the erythrocyte membrane. 
However, alumina treatment reduces lipid content but does 
not cause hemolysis. Another mechanism is the halaphilism 
theory of Brown (1964) and Depasse and Leonis (1976) which 
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advocates that silicic acid reacts with NH- groups of mem-
branes altering the permeability. This is rather unlikely 
due to lack of supporting evidence. Peroxidative decompo-
sition of structural unsaturated lipids radically alters 
the structure and function of the membranes. Silica is 
known to influence the autooxidation of polyunsaturated 
fatty acids (Slawson et _a^ ., 1973) though it did not obtain 
any evidence for such an effect and has been ej^jerimentally 
proved that hydroxylative and peroxidative properties of 
quartz are not responsible for the membrane damage 
(Kilroe Smith, 1974), Gabor and Anca (1975) concluded that 
cytotoxicity of asbestos dusts were related to free radical 
formation and peroxidative cleavage of polyxrnsaturated 
fatty acids of membrane lipids. An other mechanism of mem-
brane damage is supposed to be the splitting of lipo-
protein bond (Nash et al., 1966), Compounds capable of 
protecting biological membrane against the action of silica 
e.g. PVPNO possess ability to form hydrogen bonds with 
silicic acid. Polysilicic acid acts as hydrogen donor to 
form complexes with phospholipids causing membrane damage. 
Brody et _al. (1983) strongly supported tlie hypothesis, 
morphologically and biochemically, that chrysotile asbestos 
binds to sialic acid groups on RBC membranes. . Consequently, 
the sialic acid residues are redistributed on the surface 
of distorted cells which then are unable to maintain a 
normal Na:K balance with the surroxinding medium. Jaurand 
et _al. (1983) demonstrated the mechanism of hemolysis by 
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c h i r y s o t i l e , t h a t h e m o l y s i s may be r e l a t e d t o an a d s o r p t i o n 
of t h e r e d b l o o d c e l l s (RBC) membrane on magnesiiom from t h e 
f i b r e s and s i a l i c a c i d from RBC/ by u s i n g n e u r a m i n i d a s e 
t r e a t e d RBC and magnesium d e p l e t e d c h r y s o t i l e f i b r e s . P a l e 
and C a l v e r t (1983) o b s e r v e d t h a t c o m p l e t e r e m o v a l of a c c e -
s s i b l e s i a l i c a c i d from r e d b l o o d c e l l membrane d o e s n o t 
i n h i b i t t h e h e m o l y t i c p r o p e r t i e s o f c h r y s o t i l e f i b r e s / 
s u g g e s t e d t h a t t h e s e a c i d s c o u l d p l a y a r o l e d u r i n g t h e 
f i r s t s e c o n d s o r m i n u t e s of t h e h e m o l y t i c p r o c e s s by i n c -
r e a s i n g t h e e l e c t r o s t a t i c a t t r a c t i o n b e t w e e n t h e r e d c e l l 
membranes and t h e f i b r e s * 
GEKOTOXICITY 
I t i s w e l l known t h a t many c h e m i c a l s o f n a t u r a l o r 
s y n t h e t i c o r i g i n have a d v e r s e e f f e c t s on l i v i n g o r g a n i s m s 
i n c l u d i n g man. Such t o x i c e f f e c t s a f t e r r e s u l t i n a more 
o r l e s s immedia te r e a c t i o n s t o t h e e j q j o s u r e . C o n s e q u e n t l y / 
t o x i c o l o g y i s a w e l l e s t a b l i s h e d b i o m e d i c a l d i s c i p l i n e . 
However/ c l a s s i c a l t o x i c o l o g y h a s u s u a l l y i g n o r e d t h o s e 
e f f e c t s which do n o t r e s u l t i n more o r l e s s immedia te r e a c -
t i o n s b u t i n h i g h l y d e l a y e d r e s p o n s e s . I n d u c t i o n of g e n e t i c 
damage may r e s u l t i n a v e r y r a p i d r e s p o n s e w i t h i n t h e 
c l o s e d c e l l s b u t e x p r e s s i o n can ccane l a t e , and i n t h e 
c o n t e x t of g e n e t i c s l a t e means g e n e r a t i o n s a f t e r t h e 
o r i g i n a l i n c i d e n t . The d e l a y e d , r e a c t i o n i n t h e c a s e of 
c a r c i n o g e n i c a g e n t s and t h e d e l a y e d e x p r e s s i o n of g e n e t i c 
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damage had made it very difficult to identify agents 
which induce cancer, carcinogens, and agents which induce 
genetic damage, mutagens. An additional aggravating pro-
perty of carcinogenic and mutagenic agents is that their 
carcinogenic and mutagenic activities can be extended by 
low doses which induce no other detectable reactions. The 
first report on artically induced mutation was published by 
H.J, Muller in 1927 who showed that X irradiation of Droso-
phila induced genetic damage. 
After the number of known chemical mutagens increased, 
a striking correlation between mutagenicity and carcinoge-
nicity became apparent. The various aspects of artificially 
induced genetic effects in relation to carcinogenesis were 
discussed by Zinimermann (1971), However, this correlation 
was generally accepted only after Ames et _al. (1973), This 
correlation now widely considered to be quite strong has 
turned out to be of great practical importance. <5enerally 
speaking, carcinogenesis can be considered to result from 
genetic alterations and a new term was created by H, Druckery, 
genotoxic, This refers to the property of a given agent to 
interact with the genetic material with the potential con-
secjuence of inducing cancer in appropriate organisms. 
Targets for genotoxic agents in cells 
Living organisms are divided into two large catego-
ries. There are prokaryotes like bacteria where the genetic 
material, i,e, DNA, is free within the cell. In eukaryotes 
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the genetic information i s cased into compartments. Most 
of the genetic mater ia l i s located in the nucleus and they 
are arranged in corrplex molecular s t ruc tu res , the chromo-
somes/ consis t ing of DNA and specif ic p r o t s i n s . Additional 
genetic information can be found in other organc^lles l ike 
mitochondria, the s i t e of the c e l l u l a r r esp i ra to ry a c t i v i t y . 
The genetic information in prokaryotes and eukaryotes i s 
l a i d down in the base sequence of DNA and consequently, DNA 
i s the uniform and ubiquitous genetic mater ia l of a l l c e l l u -
l a r organisms. However, when i t comes to genetic damage, 
DNA is not the only chemical t a r g e t . Specially the highly 
complex spa t i a l s t ruc ture of the genetic elements in eukar-
yotes and also the regular d i s t r i bu t i on of genet ic elert^nts 
during c e l l d ivis ion requires addi t ional molecules and p ro -
vides addi t ional t a r g e t s : chromatin (DNA + p r o t e i n ) , spindle 
f ibre apparatus, for the orderly d i s t r i b u t i o n of chromoso-
mes during c e l l division (prote ins , membranes) and also 
organel les v;hose s t ruc tu ra l and functional i n t e g r i t y r equ i -
res i n t a c t membranes (DNA, p ro te ins , membranes). Each one 
of d i f fe ren t cons t i tuents i s a primary t a r g e t for disrupt ion 
of genetic i n t e g r i t y . In addition to d i r e c t e f fec t s , agents 
can i n t e r f e r e with various metabolic reac t ions l i ke those 
involved in rep l i ca t ion of DNA, ej^jression of genetic in for -
mation in the process of t r ansc r ib ing DNA base sequences 
in to DNA sequences and f i na l l y in the formation of funct io-
nal and speci f ic p r o t e i n s . All t h i s i s ca l l ed macromole-
cular synthesis/fol lows the genetic blue p r i n t accurately. 
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Faulty enzymes can commit mistakes in macromolecular synthe-
sis v/hich V7ill result in increased genetic damage and muta-
tion. 
When it became obvious that there was a neod to screen 
agents for genetic activities, it .was proposed to develop 
tests to detect chemical alterations in DNA. Even though 
such a straight forward and chemically v/ell defined test 
will satisfy the analytical chemist, it certainly does not 
do justice to the complexity of the biological system. 
Therefore/ the tests have to be biological and based on well 
defined biological reactions. 
The types of chemical reactions found in gcnotoxic 
or mutagenic agents are numerous. Most prominent are alky-
lation, deaminations and also radical reactions with DNA 
itself. Also important but not very frequent are chemicals 
which are analogs of natural compounds of DNA. They can 
become incorporated into DNA and this may cause higher rates 
of errors during replication and transcription than their 
natural counter-parts. Considerable knowledge has been ela-
borated on such direct effects on DNA. Much less defined 
are chemical reactions with other components of chromosomes 
and chromatin structure in general. The least understood 
effects are those exerted indirectly via interference with 
the enzymatic machinery of DKA metabolism. And finally, 
hardly anything is known about chemicals which interact with 
lipid membranes and cause genetic effects via lipid membra-
nes as primary targets. 
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Genotoxiclty pf asbestos and other s i l i c a t e dusts 
The term asbestos i s used in the generic sense, i t 
re fers to a large number of f ibrous minerals v/ith varied 
chemical and physical p rope r t i e s , both of which can effect 
the carcinogenic po t en t i a l of the mater ia l (Brov/n e t al», 
198C; Stanton e t al,, 1977; Brown _et _al., 1978). Exposure 
to asbestos f ib res has been shown to induce at l e a s t two 
types of carcinogenic response in the h\aman resp i ra to ry 
system, mesothelioma of the p l eu ra l cavity (Selikoff and 
Hammond, 1978; Cochrane and Webster, 1978), and bronchial 
carcinCTna (Selikoff and Hammond, 1978; Wagner e t _al., 1971), 
Various forms of asbestos and other mineral f ib res also 
induce malignant mesenchymal neoplasms in experimental an i -
mals (Wagner and Berry, 1969; VJagner e t al,, 1973). 
In recent years considerable progress has been made 
in understanding the process of chemical carcinogenesis . I t 
i s nov7 c lear t h a t chemicals can cause or f a c i l i t a t e onco-
genesis by more than one mechanism (Berenblxom, 1979). For 
example, many organic chemicals are carcinogenic only subs-
equent to t h e i r conversion, by c e l l u l a r enzymes, to 
e l e c t r o p h i l i c species t ha t can then reac t with c e l l u l a r 
nucleophiles including various s i t e s on the DNA molecules 
(Lutz, 1979). The mooified DNA produced by these agents 
var ies with the chemical p roper t i e s of the carcinogen 
involved, i t i s widely bel ieved t h a t such chemical-DNA 
in te rac t ions can be i n i t i a l l y factors in chemical 
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carcinogenesis , and the modified DNA i s thus considered 
"damaged", and chemicals t h a t effect such reac t ions are 
generally labe l led "genotoxins". 
Mossman e_t _al. (1983) have shown t h a t UICC c roc ido l i t e 
and chryso t i l e do not produce DWA strand breal-cs in the 
alkal ine e lu t ion assay when applied to cul tured hans t t r 
t racheal ce l l s* Lechner et j i l . (1983) have obtained simi-
l a r negative r e s u l t s with respect to the induction of DNA 
strand breakage in human bronchial organ cu l tu re s t r ea t ed 
with UICC chryso t i l e , amosite and c r o c i d o l i t e . These f ib res 
were highly cytotoxic to both c e l l types (cul tured hamster 
t racheal c e l l s and human bronchial organ c u l t u r e s ) . A 
comprehensive study by Hart et _al. (1980) on a s e r i e s of 
mineral f i b r e s , including the NIEHS reference f ib res , revea-
led no evidence of DNA damage in a se r i e s of assays inc lu -
ding unsch^iduled DNA synthesis in human f ib rob la s t s , endo-
nuclease sens i t ive s i t e s , s ingles strand breaks (alkal ine 
sucrose gradient sedimentation) or double-strand breaks 
(neut ra l sucrose gradient sedimentation), 
Chamberlain and Tarmy (1977) t e s t ed a number of 
mineral f ib res (including the UICC reference standard, 
Canadian chryso t i l e B, amosite, anthrophyl l i te and crocido-
l i t e , a saiv^le of SFA chryso t i l e , a superfine Canadian chry-
s o t i l e and two samples of f ibre glass) for t h e i r a b i l i t y to 
produce back mutations in Salmonella typhimurium and DNA 
damage in Escherichia co l l WP 2 b a c t e r i a . All of the 
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preparat ions were inact ive in both systems at the maxinrum 
dose: 500 Aig/plate even when a r a t l i v e r supernate was 
employed as the metabolic ac t iva t ion system (Chamberlain 
and Tarroy, 1977) . The lack of a pos i t ive response could be 
a t l e a s t in pa r t , ascribed to the fac t t h a t asbestos f ib res 
are not taken up by b a c t e r i a l c e l l s (Chamberlain and Tarmy, 
1977) . Similar r e s u l t s were obtained by Light and .Wei 
(1980) with respect to the ef fec t of asbestos f ib res on 
Salmonella typhimurium/ who reported t h a t ne i the r UICC 
Canadian chryso t i le B nor UICC c roc ido l i t e a t the maximum 
concentration of 500yug/plate reverted any of the f ive most 
common t e s t e r s t r a i n s to h i s t i d i n e independence. In view 
of the above findings/ i t was concluded t h a t mineral f ib res 
do not produce genotoxic e f fec t s in prokaryotic systems. 
In con t ras t to bac te r i a , cul tured mammalian c e l l s 
such as lung macrophages (Miller/ 1980) or Chinese hamster 
ovary (CHO) c e l l s (Huang e t _al., 1978), read i ly phagocy-
t i zed asbestos and other mineral f ib res ( p a r t i c l e s ) . In 
addition/ asbestos f ib res are extremely cytotoxic to many 
types of mammalian c e l l s (Brovm e t _al./ 1980; Chamberlain 
and Brown, 1978) . 
An i n i t i a l study by Kaplan ^ ^ . (1980) indicated 
t h a t treatment of cul tured r a t p leura l mesothel ia l c e l l s 
with udto 5 Aig/ml of UICC Rhodesian chryso t i l e A for 
periods upjto 3 2 hr did not e levate the l eve l of s i s t e r 
chromatid exchanges (SCEs) above t h a t of cont ro l c e l l s . 
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Scanning e lect ron microscopy showed t h a t chromosomes v/ere 
frequently entangled with, adheredl t o , and severed or 
pierced by long and th in cxirvilinear chryso t i l e with occa-
sional chromatin f ibres threading over the pa r t l y severed 
asbestos, but much less frequently were found in crocido-
l i t e t r ea t ed c e l l s ; transmission e lect ron microscopy con-
firmed the same findings with chryso t i l e and c roc ido l i t e , 
d i f ferent physicx)-chemical p roper t i e s of these f ib res , also 
have to appear d i r ec t , i n t r i c a t e , but d i f fe ren t i n t e r ac t ions 
with chromosomes as well as cytoplasm of p l eu ra l mesothelial 
c e l l s (Wang e t ^ . , 1987) , However, Livingston e t a l . 
(1980) studied using CHO c e l l s revealed t h a t UICC c roc ido l i t e 
and UICC amosite did produce very s l i gh t but s ign i f i can t 
increase in SCE levels in c e l l s t r e a t e d for 64 hr a t 10/ug/ 
ml of f ib re . The c roc ido l i t e seemed more ef fec t ive than the 
amosite and the SCE seemed confirmed predominantly to the 
larger chromosomes (Livingston e t _al., 1980). A preparat ion 
of UICC chryso t i l e was cytotoxic to perrriit SCE analysis 
even at the 10 ug/ml level (Livingston e t al,, 1980),^ In 
cont ras t , Price-Jones e t _al. (1980) showed t h a t ne i ther 
UICC c roc ido l i t e nor Min-U-Sil s i l i c a produced SCE even when 
applied at l eve ls upto 15 Aig/ml for upto 30 hr using Chinese 
hamster ovary V 79-4 c e l l s . Under t h i s pro tocol , potassium 
chrc»nate, a t the concentration of 500/ug/ml, was pos i t ive 
as an inducer of SCE. However, the higher doses of both 
the f ib res did cause s t a t i s t i c a l l y s ign i f i can t increase in 
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the level of chromosomes aberration in the V 79-4 cells 
(Price-Jones et 3^»t 1980). These studies indicate that 
the UICC asbestos fibres are either negative or extremely 
weak as to their ability to produce SCE in mammalian cells. 
The cytogenetic effects of erionite, UICC crocidolite 
and UICC chrysotile treatment of V79 cells also showed a 
significant reduction in diploid cells with an accompanying 
increase in aneuploid and polyploid cells (Palekar et ^./ 
1987). The fibrous erionite and crocidolite asbestos 
altered CHO ploidy a slight increase in sister chromatid 
exchanges in synchronous CHO cells were reported by erio-
nite, unlike crocidolite or Min-U-SiL quartz (Kelsey, 1986b), 
In the erionite treated cultures an increase in aneuploidy 
was observed at all dose levels ranging from 10/ug to 100 
/ug/ml, whereas in the crocidolite and chrysotile treated 
cultures/ significant increases in aneuploidy were observed 
at all dose levels except the low dose, 10/ug/ml, chromatid 
aberrations were also observed in cultures treated with 
crocidolite and chrysotile and were especially pronounced 
at dose 100yug/ml of chrysotile, suggests that erionite was 
more reactive than the two other minerals in producing 
aneuploidy (Palekar et al., 1987), Thus aneuploidy appea-
red to be mechanistically important to the induction of 
transformation. A very significant increase in the inci-
dence of anaphase abnormalities, such as lagging chromoso-
mes, sticky chromosomes and chromosome bridges was observed 
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during the first cell division after asbestos treatment 
(Hesterberg and Barrett/ 1985). All of these abnormali-
ties could result in missegregation of chromosomes and 
this lead6to aneuploid daughter cells. It is not known 
v/hether asbestos induced missegregation of chromosomes by 
directly interacting with the chrosomes or by some other 
mechanism such as interaction v/ith the microtubules/ micro 
filaments, or other structural proteins of the spindle 
apparatus, since it is known that asbestos binds to serum 
albumin and other proteins. 
Sincock and Seabright (1975) first demonstrated that 
both chromatid and chromosomal changes occurred in CHO 
cells exposed to SFA Canadian chrysotile and UICC crocido-
lite but observed no aberrations in exposed cells, under 
an identical protocol (iQ/ug/ml, 48 hr) the identical 
results were obtained by exposing the cells to glass pow-
der and glass fibres for 5 days before the cytogenetic 
analysis. The clastogenic potential of the fibres was 
also reduced by preexposing with complete culture medium 
(with serum), The clastogenic potential of erionite and 
crocidolite asbestos fibres in synchronous Chinese hamster 
ovary fibroblasts are reported by Kelsey et ^ . (1986b). 
Palekar et _al. (1987) have obsearved that the clastogenic 
effect of erionite was v/caker but statistically signifi-
cant at the dose of lOOyug/ml in V79 cells. Asbestos 
exhibits marked effects on lung fibroblasts of Chinese 
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hamster V79 ce l lS / indicat ing an evident dose dependent 
e f fec t on the c e l l incubated with asbestos* i t seems t h a t 
the chemical composition of asbestos i s responsible for 
the changes described r a the r than the s ize , shape and d ia -
meter of asbestos p a r t i c l e s (Trosic et. al>, 1986) , Lavappa 
e t Ql, (1975) reported t h a t a sample of Rhodesian chryso-
t i l e A produced breaks in a dose dependent manner in a 
Syrian hamster embryo (SHE) when applied at 0,1 to 1 0 0 ^ g / 
ml for 6-9 h r . The preponderance of chromatid damage led 
to propose t h a t the G^  was the most sens i t ive phase of the 
mi to t ic cycle to c las togenic e f fec t s of asbestos f ibre 
(Sincock and Seabright/ 1975) . I t i s noteworthy t h a t 
these same f ibre preparat ions when administered i^ vivo 
did not induce e i the r chromosomal aberrat ions (Monkey, 
o ra l administration) or micro nuclei (mouse i n t r a p e r i t o n -
ea l adninis t ra t ion) .in bone marrow c e l l s (Lavappa e t a l . , 
1975). Ri ta and Reddy (1986) observed t h a t chronic o ra l 
administrat ion of ch rysc t i l e (Indiaii) f a i l ed to induce 
chromosomal aberrat ions and abnormal sperms in mice. Huang 
e t a l . (1978) have administered c roc ido l i t e to Chinese 
hamster lung c e l l s and observed induction of chromosomal 
aberrat ions , in these s tudies the cytotoxic p roper t i e s of 
the f ibres were associated with t h e i r engulfment h^ the 
c e l l s , they also reported a s t a t i s t i c a l l y s ign i f i can t i n c -
rease in the nvimber of 6-thioguanine r e s i s t a n t c e l l s , 
indica t ing forward mutation at the hypoxanthine guanine 
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phosphoribosyl t ransferase (HGPRT) locus a t the dose 8/ug/ 
ml but not c i t h e r lower (5/ug/ml) or higher (lOO/ug/ml) 
dosages. In l a t e r study, Huang (1979) obtained an addi-
t iona l evidence t h a t NIEHS chryso t i l e , c roc ido l i t e and 
Graositc were mutagenic to HGPRT locus of Chinese hamster 
lung c e l l s but the levels of induced mutations were low 
and the conclusions strongly depend on the methods of s t a -
t i s t i c a l analysis employed. Evidence for chromosomal 
changes in cul tured rodent c e l l s following administrat ion 
of asbestos f ib res has been reported in other s tudies as 
well (Price-Jones e t a l . , 1980 and Sincock, 1977). 
V7ith respect to cu l tured human c e l l s , however, the 
evidence for chromosanal e f fec t s i s cont rad ic tory . Valeria 
e t _al. (1980) have shown t h a t exposure of f reshly i so la ted 
lymphocytes from normal adult males and females undergo 
chromosomal changes when t r e a t e d for 48 hr and 72 hr with 
UICC Rhodcsian chryso t i l e A a t 100/ug/ml. Increases in 
numerical a l t e r a t i ons af te r 48 hr and in chromatid and 
chromosome breaks af ter 48 hr and 72 hr were s t a t i s t i c a l l y 
s ign i f i can t , end also noted t h a t a t 72 hr the chromatid 
breaks were the most frequent change and the number of 
numerical a l t e r a t i ons v/ere lower than at 48 h r . In con-
t r a s t , a comprehensive study by Sincock e t _al. (1982) 
t 
shov/cd t h a t ne i ther cul tured human liTrrphokfests nor human 
f ib rob las t s exhibi ted chromosomal aberrat ions when exposed 
to e i the r UICC c roc ido l i t e , SFA chryso t i l e , or glass f ib res 
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(lO/ug/ml to lOO/ug/ml) at 48 hr and 72 hr/ in cont ras t to 
CHO c e l l ejcpostd under t h i s same regime exhibi ted numerous 
chromosomal changes. Both CHO and human c e l l l i ne s are 
inhibi ted to a similar extent with respect to r a t e of 
growth by these f ibre x^^cparations (Sincock e t a l . , 1982) , 
In v i t r o cytogenetic s tudies of amosite, chryso t i l e and 
c roc ido l i t e asbestos hcive shown t h a t these f ib re s may induce 
chromosomal abnormalities and an elevated SCE ra t e in 
mammalian c e l l s / a marginally increased SCE ra t e in c i r cu -
la tory lymphocytes with increasing years of exposure were 
found in exposed workers against cont ro l , there was a s i g -
n i f icant associat ion between SCE ra te and smoking af ter 
control l ing for years of asbestos es^osure and age (Rom 
e t a l . , 1983). 
Kelsey e t ^ . (1986a) have reported t h a t ne i ther 
e r ion i t c nor c roc ido l i t e was moitagenic in a h\amen lympho-
b l a s to id c e l l l i n e , and e r ion i t e f ib res produced _in v i t r o 
cytogenetic changes s imilar to these caused by asbestiform 
mineral dusts and l ike asbestos f ib res , did not induce 
mutations in h\aman lyrnphoblastoid c e l l s . 
I t has also been reported t h a t UICC c roc ido l i t e and 
SFA chryso t i le a l t e r the morphology of cul tured mouse 3T3 
c e l l s in a manner snaggesting of neoplas t ic transformation 
(sincock ot al,, 1982). Likewise, Dipaolo e t _al. (1982) 
have observed a very lov/ level of morphologic transforma-
t ion in SHE c e l l s by UICC c roc ido t i l e anthophyl l i tc 
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araosite, and Conadian chryso t i l e B. Oshimura t^t a l . (1984) 
have observed t h a t nei ther chryso t i le nor c roc ido l i t e asbes-
tos induced any detectable gene mutations a t doses which 
v/ero cytotoxic and transforming in Syrian hamster embryo 
c e l l s . Hesterberg e t _al. (1985) have observed no s i g n i f i -
cant e levat ion above control SCE frequency at any concen-
t r a t i o n (0 .5 , 1.0 and 2,0/ug/m ) of ch ryso t i l e asbestos, 
ne i ther the var ia t ion between cxperinisnts nor the var ia t ion 
among doses was s ign i f i can t ly d i f fe ren t by analysis of 
var iance . The lack of a c lea r e f fec t of ch ryso t i l e asbes-
tos on SCE in SHE c e l l s supports e a r l i e r findings tha t the 
asbestos induced transformation i s unre la ted to chemical 
contaminants of the mineral f ibres (Hesterberg and Bar re t t , 
1984). Mo effect v/as observed by some inves t iga to r s in r a t 
mt-sothelial c e l l s (Kaplan trt j l . , 1980), human f ib rob la s t s , 
lymphoblastoid, and CHO c e l l s (Casey, 1983), while pos i t ive 
r e s u l t s with CHO c e l l s were reported by one group (Babu 
e t ^ . , 1981) . However, i t would be premature to regard 
these r e s u l t s as pos i t ive because very low leve l s of t r a n s -
formation i s observed by treatment of the f ibre alone, i t 
might be due to the clastogenic e f f ec t s . While i t i s c lea r 
t h a t asbestos f ib res are c las togenic to cul tured rodent 
c e l l s (Huang e t ^ . / 1978; Price-Jones e t a l . , 1980; 
Sincock and Seabright, 1975; Lavappa e t 3l», 1975; Sincock, 
1977), there i s contradictory evidence with respect to 
hijman c e l l s (Valcrio e t a l . , 1980; Sincock _ot _al., 1982), 
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Since both the cell types and fibre types were different 
in the two human cell studies. Attempts to demonstrate 
DNA strand breakage or DNA damage in ma'nmalian colls 
following asbestos exposure have been negative (Mossman 
et _al., 1983; Lechner ct _al./ 1983; Hart et al., 1979). 
The evidence that asbestos fibres per se induce either 
neoplastic transformation (Sincock, 1977; Di Paolo et al., 
1982) or gene mutation (Huang et _al./ 1978; Huang, 1979) 
in cultured manunalian cells is weak. Asbestos fibres do 
not induce either DNA damage (Chamberlain and Tarmy, 1977) 
or back mutation (Chamberlain and Tarmy, 1977; Light and 
Wei, 1980) in bacterial cells. German (1975) has proposed 
a relationship between chromosomes instability and cancer. 
The results .of Hei_et_al. (1985) suggested that the 
enhancement in radiation induced oncogendcity by asbestos 
fibres may be attributed to the more physical presence 
of the fibres rather than any chemical contaminants, the 
fibres may contain. Further, the carcinogenicity of 
asbestos may be unrelated to genotoxicity. 
It is concluded that asbestos fibres may act at the 
stage of tumor initiation (genotoxicity) via a clastoge-
nic event, it may be more reasonable to took at other 
mechanisms as the explanation for the oncogenic potential 
of these materials. Studies have shown that NIEHS chryso-
tile, if applied prior to benzo(a)pyrene (BP) increased 
the level of DNA binding and enhanced the cytotoxic effects 
45 
of the hydrocarbon to cul tured human f i b rob l a s t s (Daniel 
e t _al,/ 1980) , Sixnilar enhancement of BP-DKA binding by 
preincubation of the ce l l cu l tu res with NIEHS "intermediate" 
chrysot i le v;as also observed in SHE c e l l s (Eneanya e t a 1 . , 
1979), supports Di Paolo e t _al. (1982) repor t of synergism 
between asbestos f ibres and BP v/ith respect to SI-IE c e l l 
t ransformation. The simtxltaneous addit ion of NIEHS chry-
s o t i l e and BP to normal human f ib rob las t s did not r e s u l t 
in e i t he r increased BP metabolism (Daniel £ t _al., 1980; 
Hart e t _al., 1980). Stephens e t a l . (1983) a l t e r ed BP-
metaboli tes p ro f i l e s / cy to tox ic i ty (Daniel e t _al., 1980); 
Hart e t _al.., 1980)/ BP-DN7->* binding leve ls (Hart e t a l , , 
1980; Stephens e t _al,, 1983)/ or in subs tan t i a l ly a l t e red 
BP-deoxyribonucleaside adducts p ro f i l e (Stephens e t al., 
1983) . ChromosOTial changes were observed af ter treatment of 
r a t p leura l mesothel ial c e l l s (RPMC) with ch ryso t i l e and 
benzo 3,4-pyrenO/ the y ie ld of metaphases was dose dependent 
and reached 58% at a BP dose of 2/ug/ml and 21% at 7yug/ml 
chryso t i l e f ib res , the frcqxicncy decreased with further inc -
rease in f ibre concentration (Jaurand e t ^ . , 1986) , Achard 
e t _a^. (1987) observed t h a t a t t apu lg i t e did not induce s i g -
n i f i can t increase in the nuriTber of SCEs per metaphasc at the 
concentration of 10 or 20/ug/ml in r a t p l eu ra l mesothelial 
c e l l s . They also reported t h a t c roc ido l i t c f ib res and BF 
enhanced SCEs s ign i f i can t ly , the ef fec t of BP so lubi l ized 
in SCEs v/as also reported, BP solubi l ized in acetone was 
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higher than V7hen solubi l ized in DMSO (Achard e t a l , , 1987). 
A c lear associat ion betvjeen c i g a r e t t e amoking and asbestos 
exposiire in the s e n s i t i v i t y of lymphocytas to BP was obser-
ved by Kelsey e t _al. (1986^)the lymphocytes from exposed 
workers who smoked c iga r e t t e s v/ere s ign i f i can t ly more sus-
cept ib le to the induction of SCE by in v i t r o e5^)Osure to 3P 
than were lymphocytes from non-smokers. These findings 
support the hypothesis t h a t an increased s u s c e p t i b i l i t y of 
asbestos exposed individuals to polyaromatic hydrocarbon-
induced cancer r e s u l t s from an enhanced s e n s i t i v i t y to the 
induction of genetic damage r a the r than to an asbestos 
induced d i f f e ren t i a l c e l l u l a r metabolic • capac i ty . These 
s tudies and others may indica te t h a t asbestos f ibres act as 
the level of a co-carcinogen or promoter with respect to 
t h e i r oncogenic e f f e c t s . 
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MATERIALS AtiD METHODS 
Dus t p r e p a r a t i o n 
W o l l a s t o n i t e s Were s u p p l i e d b y • t h e Wolkem P v t . L t d . , 
UdaipuT/ I n d i a . The p a r t i c l e s i z e , l e s s t h a n 30 AI u s e d i n 
t h i s s t u d y was p r e p a r e d by t h e p r o c e d u r e of Z a i d i ( 1 9 6 9 ) . 
I n b r i e f , w o l l a s t o n i t e s were g round t o a f i n e powder , t h e 
i n d i v i d u a l p a r t i c l e s c o v e r a r a n g e o f s i z e s . The s i z e o f 
p a r t i c l e s o b t a i n e d by t h i s method can be a s s e s s e d i n t e r m s 
of t h e i r a b i l i t y t o p a s s t h r o u g h a s i e v e mesh of one s i z e , 
and f i n a l l y p a r t i c l e s i z e was d e t e r m i n e d by m i c r o s c o p e . 
P r e p a r a t i o n of washed e r y t h r o c y t e s 
B lood was c o l l e c t e d i n h e p a r i n i z e d v i a l s from h e a l t h y 
d o n o r s , a t l o c a l b l o o d bank , Lucknow, I n d i a . I n t h e c a s e 
of r a t ; b l o o d was c o l l e c t e d from t h e j u g u l a r v e i n . P la sma 
was s e p a r a t e d by c e n t r i f u g i n g t h e b l o o d a t 1500 rpm f o r 15 
m i n . Red b l o o d c e l l s were washed t h r e e t i m e s w i t h 0 ,156 M 
sodium c h l o r i d e and s u s p e n d e d i n r e q u i s i t e c o n c e n t r a t i o n . 
H e m o l y t i c _ s t u d i e s 
The manner o f a s s e s s i n g t h e h e m o l y t i c p o t e n c y was 
t h e same a s employed by Rahman e t _al . ( 1 9 7 4 ) . The d e s i r e d 
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aiBOunt of dusts (wollastonites) were suspended in 0.01 M 
Tris-HCl buffer pH 7.35, in 0.156 M sodium ch lo r ide . This 
suspension was then added to red c e l l suspension to a f ina l 
concentration of 0.2%. The suspension (wollas toni te and 
red ce l l s ) was incubated at 37''C for 2 h r in mfcjtabolic sha-
ker with moderate shaking, a l iquots were taken and c e n t r i -
fuged at 1500 rpm for 10 min. The content of hemoglobin 
in supernatant was determined by SP-800 spectrophotometer 
a t 545 nm using a f r a g i l i t y con t ro l . Hundred per cent 
hemolysis was obtained by using d i s t i l l e d water instead of 
buffer . 
Lipid peroxidation assay 
VJashed red blood c e l l s were suspended in 10 mM pota -
ssi\jm phosphate buffer (pH 7,4) , containing 0.15 M pota-
ssium chloride for i n t a c t c e l l s in r equ i s i t e concentration 
(1.5%). Red blood c e l l s were hemolysed by freezing and 
thawing the sample four times, in 2 voliomes of 10 rrM pota-
ssium phosphate buffer (pH 7.4) containing 0,05 M potassium 
ch lo r ide . A calculated amount of so l id pot as sixom chloride Ci^ iUu. 
to 0.15 M in solution was added. The homolysate was cen-
tr i fuged at 1500 rpm for 15 min to obtain a low speed super-
natant of the hemolysate. 
Lipid peroxidation of polyunsaturated f a t t y acids in 
erythrocyte membranes was determined by the method of 
Ernstor and Nordenbrand (1967) . The inc\ibation mixture 
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contained either the intact erythrocyte cell suspension or 
the lev; speed supernatant of hemolysate in a solution of 
10 mM phosphate buffer pH 7,4, containing 0.15 M potassium 
chloride and known concentration of wollastonites (1, 2, 3, 
4 and 5 mg/ml) . The flasks were incubated for 2 hr at 37**C 
in a continuous shaking water bath. At the end of incuba-
tion, 1 ml of aliquot was added, to 1 ml, lO/i (w/v) trichlo-
roacetic acid (TCA) and 1 ml of 0.67% (w/v) thiobarbituric 
acid (TBA), kept in a boiling water bath for 15 min, cooled 
in ice and centrifuged at 1500 rpn for 15 min. The super-
natant was read at 535 nm using a reagent blank. 
Protein determination 
Protein was determined by the method of Lowry et _a_l. 
(1951) using bovine serum albumin as standards 
Treatment of the wollastonites 
a) 50 mg of dry wollastonites were separately incubated 
v/ith 5 ml of bovine serxm albumin (10 mg/ml), polyvinyl-
pyrrolidone (10 mg/ml) and ethylenediaminetetraacetic ncid 
(EDTA; iM/1000) for 3 hrat 37°C. The wollastonites were 
removed by centrifugation at 2000 rpm for 15 min, dried and 
tested for hemolytic activity. 
b) 100 mg of wollastonites were incubated at 3 7''C for 
24 hv^ with 50 ml of 0.1 N NaDH, 0.1 N HCl and distilled 
water, followed by ejchaustively washing with water, dried 
and tested for hemolytic activity. 
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c) 50 mg of wollastonites were inciobated with 5 ml 
(6 mg/ml) cholesterol, choline chloride and lecithin at 
37*C for 24 hr in metabolic shaker to ensure proper coating, 
The dusts were removed by centrifugation at 2, 000 rpm for 
15 min, dried and tested for hemolysis. 
Treatment of erythrocytes for scanning electron microscopy 
(SEM) 
To treat erythrocytes (1% cell suspension) with 
wollastonites, the fibre suspension was added to the cell 
suspension at the final concentration of 2 mg/ml, and incu-
bated at 37*C in metabolic shaker. After re acting <|isr' 120 
min, erythrocyte - wollastonite suspension (mixt\aro) was 
added to fixative. 
Fixation of erythrocytes 
Fixation was carried out by the addition of 1,5 ml 
of 2.5% solution of glutaraldehyde in 0,1 M cacodylatc 
buffer pH 7,4 to each 0,5 ml of aliquot of cell suspension 
r:t room tempt.rature for 1 hr. After fixation, the cells 
were washed with 0,1 M cacodylate buffer pH 7,4 end then 
fixed in 1% Osraium tetraoxide in 0,1 M cacodylate buffer 
pH 7,4 for 1 hr. Following centrifugation, the pellet was 
washed with three changes of double distilled water. The 
cells were dehydrated by washing successively with 30, 5 0, 
70, 80, 90, 95 and 100% ethanol for 20 min in each alcohol 
concentration. After dehydration, the erythrocytes were 
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suspended in absolute e thanol . A drop of i t was p ipe t ted 
into a square piece of cover s l i p and a i r d r i ed . The glass 
pieces were mounted on a copper stub and the stubs were 
coated on JEOL JPC 1100 Ion sput ter coater for 12 min and 
were examined under JEOL JSM-35 C scanning microscope. 
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RESULTS 
Hemolytic a c t i v i t y of n a t i v e w o l l a s t o n i t e s (calcixjin s i l i -
ca t e s ) 
F igure 2 r e c o r d s t h e r e l e a s e of hemoglobin caused by 
d i f f e r e n t c o n c e n t r a t i o n s of t h r e e v a r i e t i e s of w o l l a s t o n i t e / 
namely/ kemol i t A-60, kemoli t-N and kemolit-ASB3, a f t e r 120 
min of i n c u b a t i o n . W o l l a s t o n i t e I I (Kemolit-N) showed 
maximum l y s i s of 85% a t a dus t c o n c e n t r a t i o n of 10 mg ml" , 
whi le w o l l a s t o n i t e I (kemol i t A60) and I I I (Kemolit ASB-3) 
e x h i b i t e d maximum l y s i s of 84% and 73% a t t h e same concen-
—1 t r a t i o n (10 mg ml ) . F u r t h e r i nc r ea se in t h e w o l l a s t o n i t e 
c o n c e n t r a t i o n tfluwie no i nc r ea se in hemolysis / pres\jraably due 
t o the adso rp t ion of hemoglobin on dus t ( w o l l a s t o n i t e ) s u r -
face^ Complete l y s i s of e r y t h r o c y t e s was n o t achieved, 
l y s i s advanced with t h e i n c r e a s i n g w o l l a s t o n i t e c o n c e n t r a -
t i o n fo r a l l t h e t h r e e w o l l a s t o n i t e s up to 10 mg/ml b u t 
reduced a f t e r t h i s c o n c e n t r a t i o n . At the w o l l a s t o n i t e con-
c e n t r a t i o n of 2 mg/ml/ hemolysis was decreased by 39 ,9 , 42.9 
and 48,2%, r e s p e c t i v e l y , fo r w o l l a s t o n i t e I , I I and I I I when 
compared t o c h r y s o t i l e a s b e s t o s us ing r a t e r y t h r o c y t e s 
(Table 3) . 
Timecourse of hemolysis 
Hemolysis as a func t ion of p e r i o d of c o n t a c t of 
e r y t h r o c y t e s wi th t h e w o l l a s t o n i t e s are r e p r e s e n t e d i n 
A A Kemolit N 
100H 
E 50 -
o-
0 
-o Kemotit A-60 
-• Kemolit ASB-3 
3 5 7 9 11 
Dust Concentration(mgml) 
Fig. 2. Effect of varying dust concentration on human erythrocyte 
lysis. Incubation t ime was fixed for two hours. 
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Table 3 - Comparative hemolytic a c t i v i t y of chr^^sotilc 
and wol las tcn i tes using r a t erythrocytes 
Dust % hemolysis 
(sample) 
Chrysoti le* 
V7ollastonite I 
(Kemolit /w60) 
Wollastonite I I 
(Kernel it-I-J) 
Wollastonite I I I 
(Kemolit ASB-3) 
Dust concentration 2 mg/ml. 
Experiment was repeated three times, mean value i s 
given here , 
*The time of incubation was 10 min for chryso t i l e and 
2 hr for other dus t s . 
80, 
43 , 
411 
24, 
• 2 3 
,37 
i l 9 
.16 
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Figures 3, 4 and 5. As the Figxires 3 and 4 show., the 
hemolysis increased v/ith a l l the concentrat ions upto 60 
min, but a f te r 60 min, at the concentration of 15 mg/ml i t 
decreases and with the aremaining concentrat ions increase 
at 120 min. Figure 5 also shows t h a t upto 60 min, hemo-
lys i s increased with a l l the concentrat ions t e s t e d and 
decreased a t the concentration of 10 mg and 15 mg/f^l a t 120 
min. 
Effect of treatment of wol las toni tes on hemolysis 
The coating of dust (wollastonite) surface by EDTA 
shows marginal change in hemolysis and i t was decreased by 
98.0%, 96,&A and 96.0% for wol las toni te I (kemolit A-60), 
I I (komolit-N) and I I I (kemolit ASB-3), respec t ive ly , a f te r 
t r ea t ing with bovine serum albumin. Similarly, polyvinyl-
pyrrolidone reduced the l y s i s by 84.9%, 84.4% and 78% for 
wollas toni te I, I I and I I I , respect ive ly , when compared to 
the values with native vjollastonites (Table 4) . 
Acid treatment decreases the l y s i s by 43.72%, 41.06% 
and 47.71% for kemolit A-60 ( I ) , kemolit N (II) and kemolit 
ASB-3 ( I I I ) , respect ively , while a l k a l i was l e s s effect ive 
and decreased the l y s i s by 83.89%, 81.24% and 83,88% for I , 
I I and I I I wol las toni te , respect ively , though v/ater was 
more ef fec t ive than a lka l i treatment and decrease in l y s i s 
caused by water t r ea t ed wol las toni tes are 67.53%, 64-85% 
and 67.53%, respect ively , for I, I I and I I wol las toni tes 
10 30 60 90 120 
Incubation tinne(mins) 
150 
Fig. 3. Effect of t ime on human erythrocyte lysis at four d i f ferent 
concentrations of woliastonite 1 (Kemol i t A-60). 
100-
"o 
E 50-
0 
30 60 90 
incubation time(mins) 
10 mg 
15 mg 
5nng 
Fig. 4. Effect of t ime on hurr.an erythrocyte lysis at four d i f ferent 
concentrations of woilastonite 11 (Kemol i t -N) . 
90 
Incubation trme(nnins) 
Fig. 5. Effect of t ime on human erytnroryxe lysis ax luui un it . 11:1 
concentrations of woiiastonite Hi (Kemolit A.SR-3). 
120 M) 
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Table 4 - Effect of coating of wollastonite surface on human 
erythrocytes 
Treatment Degree of hemolysis 
Wollastonite I 
(Kemolit A-60) 
43.43 
40.14 
0.70 
6.57 
Wollastonite 
(Kemolit-N) 
37.56 
33.00 
1.17 
5.87 
I I V/ollastonite 
I I 
(Kemolit /iSB-3) 
17.14 
16.33 
0.70 
3.76 
Native dust 
SDT/s treated 
BSA treated 
PVP treated 
Duration of incubation - 120 min. 
Dust concentration was fixed 2 mg/ml. 
Ejqperiment was repeated four times, mean value is given here. 
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.{Table 5) . Rat erythrocytes also give the same hemolytic 
pa t t e rn v.'ith nat ive as well as t r ea t ed wol las ton i tes 
(Taiole 6) . 
Table 7 shows t h a t choles te ro l and choline chloride 
was ineffect ive in a l t e r ing the lysiS/ while l e c i t h i n was 
more ef fec t ive in preventing wol las toni te induced hemolysis 
and i t was 59.65%, 61.78% and 61.74% les s hemolytic for 
wol las toni te I , I I and I I I , when compared with native 
v /ol las toni tes . 
Effect of v/ol lastonites on erythrocyte l i p i d peroxidation 
All the three wol las toni tes t e s t ed were effect ive in 
st imulat ing l i p i d peroxidation of erythrocytes in both 
in t ac t c e l l s and low speed supernatant of hemolysate. 
Wollastonite I (kemolit A-60) was most e f fec t ive and 
wol las toni te I I I (kemolit ASB-3) was l e a s t in i n t a c t c e l l s 
and low speed supernatant of hemolysate, :^ s the wol las to-
n i t e concentration increased/ malonaldehyde values in i n t a c t 
c e l l s and lov/ speed supernatant of hemolysate increases 
with a l l the v/ollastonites taken in the present study. At 
5 mg/ml dust concentration, malonaldehyde formation in 
i n t a c t c e l l s was increased by 86%, 68% and 55% and in lov/ 
speed supernatant by 75%, 69% and 53; 9%, respect ive ly 
.for \7ollastonite I (kemolit A-60), wol las toni te I I (kemolit-
N) and wol las toni te I I I (kemolit ASB-3), in comparison to 
chryso t i l e l i p i d peroxidation was l e s s by 16%, 24% and 31% 
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Table 5 - Effect on hemolysis of human erythrocytes by treat-
ment of wollastonites with acid, alkali and disti-
lled V7ater 
Treatment % hemolysis 
Vvollastonite I Wollastonite IT Wollastonite 
III 
(Kemolit A-60) (Kemolit-N) (Kemolit i^ SB-3) 
Native 
Acid t r ea t ed 
Alkali t r ea t ed 
Water t r ea t ed 
43.21 
18.89 
36.25 
29.18 
37.58 
15.43 
30.53 
24.37 
17.00 
7.43 
14.26 
11.48 
Incubation time - 120 min 
Dust concentration 2 mg/ml 
Mean value is given from the four determinants. 
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Tabic 6 - Effect on r a t erythrocytes of nat ive and t r ea ted 
wol las toni tes with various agents 
Treatment % Hemolysis 
Woliastonire ± Wol1astonite"lI Wollastonite 
III 
(Kemolit A-60) (Kemolit-N) (Komolit ASB-3) 
Native 43.37 
E3DTA t r ea t ed 38.98 
BSA t r ea t ed 2.09 
PVP-treatcd 12,85 
Alkal i t r ea t ed 18.45 
;.cid t r ea t ed 25.89 
V^ater t r ea t ed 25.35 
41.19 
35.74 
2.35 
7.01 
10.65 
17.75 
21.31 
24.16 
23.65 
1.90 
4.54 
6.47 
7.18 
7.90 
Dust concentration - 2 mg/ml. 
Incubation time - 2 h r . 
Experiment was repeated three times, mean value i s given here, 
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Table 7 - Effect on hemolysis of hxjman erythrocytes by coating 
of v70llastonitQ with macromolecules 
Treatment % hemolysis 
Wollastonitc I WoUastonite I I Atollastonite I I I 
(Kemolit A-60) (Kemolit-N) (Kemolit ASB-3) 
17.09 
16.29 
16.43 
6.71 
Native dust 
Cholesterol 
t r e a t e d 
Choline chlor ide 
t r o ate d 
Lecithin t r ea t ed 
42,U 
40.39 
41.13 
17.00 
38.28 
35.35 
35.89 
14.70 
Dust concentration - 2 mg/inl 
Incubation time - 120 min 
Mean value i s given from the three determinants. 
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in intrict c e l l s 2nd by 2CP/o, 23% and 31% in lov/ speed super-
natant of hemolysatc (Tables 8 and 9) , 
Effect of time on erythrocyte l i p i d peroxidat ion and 
hemolysis 
Malonaldehyde formation and hemolysis increased with 
increase in incubation time in i n t ac t c e l l s . The malonal-
dehyde formation increased by 359%, 295% and 280%, respec-
t ive ly / with a l l the three wol las toni tes t e s t e d at 120 min, 
in comparison to 30 min (Table 10), 
Scanning e lec t ron microscopic (SEM) s tudies of hxoman and 
r a t erythrocytes 
SEM photographs are shown in the f iguro<,6-13, which 
c l ea r ly indicate t h a t the nature of membrane damage was 
s imilar for a l l the wol las toni tes with r a t as v/ell as human 
erythrocytes while untreated erythrocytes exhibi ted a normal 
biconcave morphologyo Addition of wol las toni te led to 
d i s to r t i on and deformation of the c e l l s . VJollastonites 
were i n i t i a l l y associated with erythrocyte membranes and 
por t ions of the membranes were wrapped around f i b r e s . The 
main deformities appeared as crenation of red blood ce l l s^ 
However/ i n t ac t c e l l s were s t i l l found af ter 120 min in a l l 
the wol las toni tes t r ea t ed samples. 
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Flg-6 Electronnnicrograph of Control human erythrocytes 
a f t e r 2 h r . incubation (Magnification 2000 X 
Fig-7 Electroninicrograph of hianan erythrocytes t r ea ted 
(Ajrlk2mg / ml Wollastonlte I for 2 h r (Magnification 
2000 X) 
r^-7 
Fig-8 Elec t ronmicrograph of human e r y t h r o c y t e s t r e a t e d 
uoi-HT2mg/[Til W o l l a s t o n i t e I I fo r 2 h r (Magni f ica t ion 
2000 X) 
F ig-9 Elec t ronmicrograph of human e r y t h r o c y t e s t r e a t e d 
u;j\-H^  2mg/ml W o l l a s t o n i t e I I I for 2 h r (Magnif ica t ion 
2000 X) 
^ 
ft^-9 
Fig-10 Electronmicrograph of Control r a t erythrocytes 
a f t e r 2 h r . incubation (Magnification 2000 X) 
Fig-11 Electronmicrograph of r a t erythrocytes t rea ted Loi-Bx 
2ing/ml Wollastonite I for 2 hr (Magnification 
2000 X) 
fig-lfi 
fio-li 
n 
Fig-12 Electronmicrograph of r a t erythrocytes t rea ted iS\Hh 
2iTig/ml Wollastonite I I for 2 h r . (Magnification 
2000 X) 
Fig-13 Electronmicrograph of r a t erythrocytes t rea ted wiifv 
2mg/ml Wollastonite I I I for 2 hr . (Magnif icat ion 
2000 X) 
Hq-15. 
^.li 
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DISCUSSION 
Al l the t h r e e Ind ian v a r i e t i e s of w o l l a s t o n i t e samp-
l e s when e v a l u a t e d fo r t h e i r t o x i c p o t e n t i a l u s i n g hioman 
and r a t e r y t h r o c y t e v/ere found l e s s hemolyt ic than UICC 
chrysotile asbestos, which is in agreement with the finding 
and Hunt e t a l . , 1981) . 
of Skaug and Gylsc th ( 1 9 8 3 / . The o r d e r oT 'hcmolys is of t h e 
t h r e e dusts was as fol lov;s : Kcmolit A-60 Kemolit-N 
Kemolit ASB-3. The p a t t e r n of l y s i s he re seems t o d i f f e r 
from c h r y s o t i l e a sbes to s i n few r e s p e c t s . W o l l a s t o n i t e 
dus t induce l y s i s u n l i k e c h r y s o t i l e (Rahman et _al./ 1977) 
was una f fec ted by EDTA i n d i c a t i n g t h a t meta l hydroxide 
l a y e r i s n o t a f a c t o r i n membrane damage by t h e s e f i b r e s , 
which i s a l so suppor ted by Skaug and Gylse th (1983) . EDTA 
has been shown t o i n h i b i t c h r y s o t i l e hemolys is , probably by 
complexing Mg"*" on the su r face l a y e r (Harington et _al., 1975) 
The c h e l a t o r t r e a t m e n t i s l i k e l y t o i n a c t i v a t e calcium 
r e l e a s e d from t h e mine ra l s t o t h e s o l u t i o n , b u t i t i s no t 
c l e a r whether t h i s t r e a tmen t i n a c t i v a t e ^ h i g h calcium con-
c e n t r a t i o n s on t h e sxirface of t h e p a r t i c l e s r e s p o n s i b l e f o r 
l o c a l r e a c t i o n s wi th RBC membranes. RBC membrane damage 
and hemolysis may be r e l a t e d t o abnormal i n f l u x of calcium 
i n t o the c e l l s as shown in RBC of s i c k l e c e l l anemia 
( B u r r i s , 1980) . Thvi. e f f e c t of PVP and BSA in reduc ing 
l y s i s of e r y t h r o c y t e s by w o l l a s t o n i t e i n d i c a t e t h e r o l e of 
s i l i c o n d i s s o l u t i o n from w o l l a s t o n i t e in l y s i s and c y t o -
t o x i c i t y as was found wi th o t h e r s i l i c a t e s (Singh e t a l . . 
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1982/ 1983). The role of speci f ic pro te in in a l t e r ing 
wol las toni te induced hemolytic pa t t e rn i s not c l e a r . 
Treatment of wol las toni te with a lka l i / acid and water 
reduce hemolytic ac t i v i t y , resembled with e a r l i e r findings 
x>rith ciuartz (Clark and Holt, 1960) thus a l t e r ing the sur -
face o r i en ta t ion of s i l i c a thereby reducing hemolysis. With 
a l k a l i treatment, non-ava i l ab i l i ty of s i l i con could be due 
to the formation of silicon-OH groups at the dust surface 
(Clarks and Holt, 1961). 
The erythrocytes are very good system to study l i p i d 
peroxidation process even in the absence of exogenous ca t a -
l y s t s in the assay mixture, / i l l the three v a r i e t i e s t e s t ed 
for hemolytic ac t iv i ty also induce l i p i d peroxidation in 
i n t a c t c e l l s and low speed supernatant of hemolysate. The 
order of malonaldehyde formation was l e s s by 16/ 24, and 31% 
in i n t ac t c e l l s and 20, 23 and 31% in low speed supernatant 
of hemolysate when compared to the chryso t i l e for wollaston-
i t e I (Kcmolit A-60), wol las toni te I I (Kemolit-N) and 
wol las toni te I I I (Kemolit ASB-3), respec t ive ly . Low values 
for malonaldehyde in i n t ac t c e l l s occurred in comparison to 
low speed supernatant of hemolysate by 49,51, 46.71, 50.62 
and 51.44% for ch ryso t i l e , wol las toni te I (kemolit A-60), 
wol las toni te I I (kemolit-N) and wol las toni te I I I (kemolit 
ASB-3), respect ive ly , btjcause of the fact t h a t free r ad ica l s 
cannot penetra te strong hydrophobic zones of biomolecules 
(Demcpoulos, 1973) . Therefore, the i n t a c t c e l l membrane 
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acts as a built-in-resistance of pcroxidative degradation 
thereby protecting the vulnerable polyunsaturated fatty 
acids from free radical attack, which shows that with the 
progress of the peroxidation reaction erythrocytes become 
fragile. Lipid peroxidation in intact cells increased 
as the time of incubation increases indicating the relat-
ionship of hemolysis and lipid peroxidation with time, 
supported by Singh and Rahman (1987)• 
The SEM microphotographs of the cells after incu-
bating with wollastonites also indicating the deformity 
of erythrocyte membrane, releasing hemoglobin in the 
incubation medium also support the hemolytic activity of 
these silicates, indicating alteration in cell membrane 
characteristic of mammalian cells, SEM microphotographs 
also show the adherence of dust particles to the RBC mem-
branes and agglomeration of cells and cellular debris as 
supported by Skaug and Glyscth (1983), Cell distoration 
and membrane deformation may be due to the abnormal influx 
of calcixom in the cells. The hemolytic pattern and SEM 
microphotographs when compared with rat and human eryth-
rocytes, did not show any specific difference and same 
pattern was observed in both sources of erythrocytes. 
On the basis of above findings, it may be concluded 
that in comparison to chrysotile wollastonite is less toxic 
in inducing hemolysis and lipid peroxidation in rat and 
human erythrocytes. These preliminary results also 
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suggested th^ need for detailed toxicological evaluation of 
wcllastcnite dust specially the mechanism of membrane 
damage. 
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SUMMARY 
Ej<posure to asbestos fibres has been shown to induce 
lung diseases and is a major health concern in occupational 
workers. Therefore, there is a need to replace asbestos 
wherever it is possible with other silicate fibres. Among 
asbestos suLstitutes wollastonite is a promising mineral 
fibre under trial in India, In this respect, it is essen-
tial to obtain complete information about the biological 
effects of this mineral fibre with a comparative study with 
asbestos, namely, chrysotile. 
With this idea three varieties of wollastonite 
sample of Indian origin were evaluated in vitro for their 
toxic potential using human and rat erythrocytes for com-
parative heiTiolyeie an^ morphological changes, scanned xmder 
electron microscope. Lipid peroxidation in intact cells 
and low speed supernatant of hcmolysate using human eryth-
rocytes Were also studied as a measure of their toxicity. 
Hemolytic activity of tested wollastonitos was 
recorded with different concentrations and at different 
time dLntcrvals. The hemolytic activity of native wollasto-
nites increased with d-uration of incubation but at higher 
concentration, after some time (1 hr), it decreases. Hemo-
lysis increases as the wollastonite concentration increased 
upto 10 mg/ml and after that decreases. Membrane lysis by 
the wollastonites appeared to be prevented by bovine serum 
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albumin, and polyvinyl pyrrolidone, though EDTA treatment 
did not produce significant effect on hemolysis. Acid 
treatment of the v/ollastcnites drastically reduced hemoly-
sis while thoroughly washing with distilled water was less 
efft-ctive than acid and more than alkali in reducing hemo-
lysis. Lecithin was most effective in protecting hemoly-
sis though cholesterol and choline chloride was not effec-
tive in protecting hemolysis. 
Lipid peroxidation of erythrocytes was used as a 
parameter to monitor the membrane damaging potentialities 
of the toxic wollastonites. Previous studies indicated 
that the whole erythrocyte hemolysate and/or the low speed 
supernatant of the hemolysate could be used as a good test 
system for lipid peroxidation assay. Peroxidation of ery-
throcyte lipids progfessed as the concentration of wcllas-
tonite increases in intact cells and low speed supernatant 
of hemolysate. When compared with chrysotile in both the 
systems, wollastonite induced less lipid peroxidation. It 
was also observed that lipid peroxidation and hemolysis 
increased with duration of inc\±iation and there is a clear 
inter-relationship between lipid peroxidation and hemolysis, 
Native wollastonites were also compared with chrysotile 
for their hemolytic potential and lipid peroxidation and it 
v/as foiond to be less toxic than the chrysotile. 
Scanning electron microscope photographs shows that 
wollastonite fibre distort red blood cells and binds to 
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cell monbranos which may become wrapped around the fibres. 
SEM microphotographs also show the adherence of wollasto-
nite particles to the RBC membranes and agglomeration of 
cells and cellular debris. The rat and human erythrocytes 
show same order of toxicity and hemolytic pattern. The 
SEM microphotographs did not show any specific difference 
in both the sources of erythrocytes. 
On the basis of above f indings/ these Indian varie-
ties of wollastonite are less toxic in comparison to chry-
sotile. Further studies to elucidate the molecular mecha-
nism involved in the manbrane damage, fibrogenecity and 
genotoxicity induced by wollastonite fibre is in progress. 
71 
BIBLIOGRAPHy 
^iChard, S,, P e r d e r i s e t , M. and J a u r a n d , M.C. ( 1 9 8 7 ) . 
B r . J . I n d . Med. 44, 2 8 1 . 
7 - i l i v i s a t o r s / S .G.A. , K a s h k e t , S. and D e n s t e d t , O . F . ( 1 9 5 6 ) , 
Can . J . Biochem, P h y s i o l , 3 ^ , 4 6 , 
Mncs, B.N, / D u r s t o n , VJ,E., Yamasaki , E , and Lee , F . D . (1973) 
P r o c . N a t l . Acad, S c i , 2 2 ' 2 2 8 1 , 
Babvi, K,h,, Nigam, S ,K. , Lakkad, B , C , , B h a t t , D.K. , 
K a r n i l , A . B . , T h a k o r e , K . N , , Kashyap , S.K. and 
C h a t t e r j e e , S.K. ( 1 9 8 1 ) . E n v i r o n . R e s . ^ i ' 3 2 5 . 
B a r i s / Y . I . / S a h i n , h.h, and E r k a n , M.L. ( 1 9 8 0 ) . 
A r c h . E n v i r o n . H e a l t h . 35/ 3 4 3 . 
B a r i s / Y . I . , S a h i n , A .A. , OzesiTii, M,, K e r s e , 1,, Ozen, E . , 
K o l a c a n , B . , A l t i n o r , M, and G o t k e p e l i , A, ( 1 9 7 8 ) . 
T h o r a x 33_/ 1 8 1 . 
Berenblum, I . ( 1 9 7 9 ) . 
Theoretical and practical aspects of the two stage 
mechanism of carcinogenesis. In: Carcinogenesis: 
Identification and mechanisms of action (A.C. Griffin, 
and C.R. Shaw, Eds.), Raven Press, New York, p. 25. 
Bignon, J,, Sebastian, P., Gaudichet, A, and Jaurand, M.C, 
(1980). Biological effects of attapulgite. In: 
Biological effects of mineral fibres (J.C. Wagner 
and \-J, Davis, Eds.), Vol. 1, International Agency 
for Research on Cancer, Lyon, p.. 163. 
72 
Blum, K.V. (1970). 
In: Modern problems of blood preservation, (w, 
Spiclmann and S. Scidl, Eds.), Fischer Stutlgart, p.21. 
Boehlccko, B,, Shasby, D.M., Peterson, M.R,, Hodous, T. and 
Merchant, J. (1978), Cross sectional medical study of 
wollastonite workers. In: Proceedings, National Work-
shop, Substitute for Asbestos. EPA.560/3-80-001, 1980, 
Arlington, Va, July 14-16, 1980, U.S. Environmental 
Protection Agency, Research Triangle Park, N.C. p. 475, 
Bolton, R.E., /Addison, J., Davis, J.M.G., Donaldson, K., 
Jones, A.D., Miller, E.G. and Wright, A. (1986). 
Environ. Res. 32, 26. 
Branemark, P.I. and Landstrom, J, (1963). 
Biorheology, _1, 139. 
Bretschcr, M.S. (1971) . 
J. Mol. Biol. 59, 351. 
Brewer, G.J. and Sing, C.P. (1969). 
In: Biochemical methods in red cell genetics (J.J. 
Yunis, Ed.), Academic Press, New York, p. 377. 
Brierly, G.P, and Merola, A.J. (1962). 
Biochim. Biophys. Acta. _64, 205. 
Brody, A.R., George, G. and Hill, L.H, (1983). 
Lab, Invest. 49(4), 468. 
Brovm, E.S, (1964) . 
Am. J. Physiol. 207, 402. 
Brown, R.C., Chamberlain, M., Griffiths, D.M. and Timbrell, 
V. (1978). Int. J. Can. 22, 712. 
73 
Brown, R.C./ Chamberlain, M,, Davics, R., Morgan, D.M., 
Fooley, F.D. and Richards, R.J. (1980), A comparison 
of 4 _in vitro systems applied to 21 dusts. In: The 
in vitro effects of mineral dusts. (R.C. Brown, I.P. 
Gormley, M., Chaniberlain and R. Davies, Eds.), Acade-
mic Press, New York, London, p. 47. 
Bunyan, J., Green, J., Edwin, E.E. and Diplock, A.T, (1960). 
Biochem. J. £?_, 77. 
Burris, S.M. White, J.G. and Eaton, J.W. (1980). 
Calcium induced erythrocyte shape change: Evidence 
against involvement of diacylglycerol accumulation. 
In: Red Blood cell and lens metabolism. (S.K, Srivas-
tava, Ed.), Elsevier/North Holland, Amsterdam, 1980, 
p. 49. 
Bus, J.S. and Gibson, J.E. (1979). 
In: Review in Biochemical Toxicology (Eds, E, Hodgson, 
J.R. Bend and R.M. Philpot), Vol. I, Elsevier, New 
York, p. 125. 
Canham, P.B. (1970). 
J, Theor. Biol. _26, 61. 
Casey, G. (1983). 
Mut. Res. 116, 369, 
Chamberlain, M. and Brown, R.C. (1978), 
Brit. J. Exptl. Pathol. 59_, 183. 
Chamberlain, M. and Tarmy, E.M. (1977). 
Mut. Res. 43, 159. 
74 
Chen, S.H. and G i b l e t , E.R. (1971) . 
Science , 173, 148. 
Chion, S. , Luse, S.A. and Bryant , C.A. (1971) . 
Kic rovasc , Res . 3_, 183. 
ChvESpil, M., Stankova, L. and Malshct , V. (1976) . 
Env i ron . Res. 11, 7 8 . 
Cla rk , S.G. and Hol t , P . F . (1960) . 
Nature , 185, 237. 
Clark , S.G. and Hol t , P . F . (1961) . 
Ann. Occup, Hyg. 2 , 22. 
Cochrane, J . C . and Webster, I . (1978) . 
S. Afr. Med. J . 54, 279. 
Coleman, R. and Hubscher, G. (1963) . 
Biochim. Eiophys. / i c t a . 7_3/ 257. 
Cook, G.M.W., Heard, D.H. and Sea-nan, G.V.F. ' (1967) . 
Nature , 191, 44, 
Cooper, R.A. (1970) . 
Semin. Haematol. 1_, 296. 
Craighead, J . E . , Abraham, J . L . , Churg, A. , Green, F .H. , 
Klienerman, J . , P r a t t , P . C . , Seemayer, T,A., Wallyathan, 
V. and Wei l l , H. (1982) . Arch. P a t h o l . Lab. Med. 106, 
5 4 1 . 
Danie l , F . B . , Beach, C.A. and Har t , R.W. (1980) . 
Asbestos induced changes in the metabolism of p o l y c y c -
l i e aromat ic hydrocarbons in hioman f i b r o b l a s t c e l l c u l -
t u r e s . I n : The Ijp. v i t r o e f f e c t s of minera l dus t s 
(R.C, Brown, I . P , Gormley, M. Chamberlain and R. Davies , 
E d s . ) , Academic P r e s s , New York, p . 255 . 
75 
Davidson, R.G. and Cor tner , J.Z-i. (1967) . 
Sc ience , 157, 1569. 
DemopouloS/ H.B, (1973) . 
Fed. P r o c . 3_2, 1859. 
Depasse, J . and Leonis , J . (1976) . 
Environ. Res . 1^, 3 7 1 . 
Desai , R., Hext, P . and Richards , R . J . (1975) . 
Life S c i . Ij6, 1931. 
Desai , R. and Richards , R . J . (1977) . 
Envi ron . Res, _16, 449, 
Dianzani , M.U. and Ugazio, G. (1978) . 
In : Biochemical mechanisms of l i v e r i n j u r y (T .F . S l a t e r , 
E d . ) , Academic P r e s s , London, p . 669. 
DiPaolo, J . A . , De Mar in i s , /"-^.J. and Doniger, J . (1982) . 
J . Envi ron , P a t h o l , T o x i c o l . 5^, 535. 
Dodge, J , T . , M i t c h e l l , C. and Han ah an, D . J , (1963) . 
Arch. Biochem. Biophys. 100, 119. 
Dunham, P . B . and Gunn, R.B. (1972) . 
Arch. I n t e r n , Med. 129, 241 . 
Eneanya, D . I , , Danie l , F ,B, and Har t , R.W. (1979) . 
E f f e c t of a sbes tos ( c h r y s o t i l e i n t e rmed ia t e ) on t h e 
metajoolism of benzo(a)pyrene in Syr ian hamster embryo 
c e l l s ( a b s t r a c t ) • P r e s e n t e d a t 7im. S i c . Pharmacol, 
E x p t l . Therop. Meeting, Houston, TX. 
E r n s t e r , L. and Nordenbrand, K. (1967) . 
Microsomal l i p i d p e r o x i d a t i o n . In : Methods in Enzymo-
logy (R.W. Estabrook and M.E. Pullman, E d s . ) , Vol . 10, 
Academic P r e s s , Nev/ York, p . 474. 
76 
Eylar, E.H.v Madcff, M,;\., Brody, O.V. and Oncley, J.L. 
(1962). The contribution of sialic acid to the sur-
face charge of erythrocytes. J. Biol. Chem. 237^ 1992. 
Fairbanks, G. (1971). 
Biochem. _10, 2606. 
F i l d e s , R.h, and P a r r , O.W. ( 1 9 6 3 ) . 
N a t u r e , 200, 8 9 0 . 
F i s c h e r , I . and Vvalter, H. ( 1 9 7 1 ) , 
J , Lab . C l i n . Med. 7£ , 7 3 6 . 
F l e i s c h e r , S . and R o u s e r , G . J . ( 1 9 6 5 ) . 
Am. O i l C h e m i s t . S o c . _42, 5 8 8 , 
Gabor , S. and Anca, Z. ( 1 9 7 4 ) , 
I n t . A r c h . A r b e i t s m e d , 3_£/ 3 2 7 , 
Gabor , S. and Anca, Z . ( 1 9 7 5 ) . 
B r . J . I n d . Med. 3_2, 3 9 . 
Gentian, J . ( 1 9 7 5 ) . 
Bloom syndrome, II. The prototype of genetic disor-
ders predisposing to chromosome instability and can-
cer. In: Chromosanes and cancer, John VJiley S' Sons, 
New York, p. 601, 
Giblett, E.R, and Chen, S,H. (1972). 
In: Progress in transfusion and transplantation, 
(P,J. Schmidt, Ed.), Amer. Ass. Blood Banks, p. 61, 
Hahon, N,, Booth, J,7-i,, Boehlecke, B,A, and Merchant, J.A. 
(1980). J. Interferon Res. 1^ 49, 
Hanahan, D.J., Watts, R.M. and Pappajohn, D. (1960). 
J. Lipid Res. 1, 421. 
77 
Harlngton^ J . S . (1973) . 
Chemical f a c t o r s ( i n c l u d i n g t r a c e m e t a l s as e t h i o l o -
g i c a l mechanisms). I n : B i o l o g i c a l e f f e c t s of a sbes tos 
(P . Bogovski, J . C . / Gi l son , V. Tirnbrel l and J . C . 
Wagner, E d s . ) / S c i e n t i f i c P u b l i c a t i o n , Lyon, p . 304. 
Har ington, J . S . (1974) . 
Environ. Hlth. Perspect, 9_, 271, 
Harington, J.S., Allison, A.C. and Badami, D.V. (1975). 
Adv. Pharmacol. Chemotherapy, 1^, 291. 
Harington, J.S., Miller, K. and Macnab, G. (1971). 
Environ. Res. £/ 95. 
Harley, J.D. and Mar go lis, J. (1961), 
Nature, 189, 1010, 
Harris, H. (1966). 
Proc. Roy. Soc. (London), 164, 298. 
Hart, R.W., Fevtel, R., Newman, H.A.I,, Daniel, F.B. and 
Blakeslee , J.R. (1979) , Effects of selected asbestos 
fibres on cellular and molecular parameters. U.S. 
Environmental Protection Agency Report No. 600/1-79-21, 
Hart, R.W., Daniel, F.B., Kindid, O.R,, Beach, C.A., Joseph, 
L.B. and Well, R.C. (1980). Environ. Hlth. Perspect. 
3_4, 59. 
Haschen, R.J. (1968) . 
Fol io Haematol. 87, 312. 
Hayashi, H. (1974) . 
Environ. Hlth. Perspect. 9_, 267. ,:^v;. 
78 
Haydon, D.A. and Searaan, G.V.F. (1967) . 
Arch, Biochem. Biophys. 122, 126, 
Hei, T.K., Geard, C R , , Osmak, R .S . and T r a v i s a n c , M. 
(1985) . Br. J . Cancer, 5^(4) / 5 9 1 . 
He l sze l , Z . , Jozwick, Z. and Leyko, W, (1980) , 
Exper iment ia , 3^/ 5 2 1 . 
Hes te rberg , T.Vv. and B a r r e t t , J . C . (1984) . 
Cancer Res . 44, 2170, 
Hes te rberg , T.W. and B a r r e t t , J . C . (1985) . 
Ca rc inogenes i s , ^ ( 3 ) , 473. 
Hes te rberg , T.W,, Oshimura, M., B a r r e t t , J . C . (1985) . 
Transformat ion of mainmalian c e l l s in c u l t u r e by 
a sbes to s and o t h e r mine ra l d u s t s : A Mechanism i n v o l -
v ing chromosomal m u t a t i o n s . I n : In v i t r o e f f e c t s of 
minera l d u s t s . (Erns t G. Beck and J . Bignon, Eds . ) 
NATO ASI S e r i e s , Vol . 3 , Spr inger Ver lag B e r l i n , 
Heiderberg , New York, p , 185, 
Higgins , J . A . , Florendo, N.T. and Bar m e t t , R . J . (1973) . 
J , U l t r a s t r u c t . Res. 42, 66 , 
Hochste in , P . and E r n e s t e r , L. (1963) . 
Biochem. Biopliys. Res. Commxan. 1J2, 388, 
Huang, S.L, (1979) . 
Mut, Res . _68, 265, 
Huang, S.L., Saggioro, D., Michelmann, H, and Mailing, H.V. 
(1978), Mut. Res. 52/ 225, 
Hut, J., Pooloy, F.D. and Richards, R.J, (1981). 
Environ, Res., 26, 51, 
79 
Hunter, F .E . J r . / Sco t t / A,, Hofs te in , P ,E . / G e r i c k i , J .M, , 
Weinsteiri/ J . and Schneider/ A. (1964) . J . B i o l . Chom./ 
239/ 614, 
Huuskonen/ M.S./ i^hlman/ K,, Mattsson/ T, and ToGsavainen, 
A. (1980) . J . Occup. Med. _11, 7 5 1 . 
Huuskonen, M.S. , Tossavainen, /-./ Koshinen/ H., Z i t t i n g , h,, 
Khonen, 0 . , Nickc ls / J,, Korhonen, K. and Vaaranen/ V. 
(1983) , Envi ron . Res. 3£, 291 . 
Jaurand, M.C./ Kheuang, L . , Magne, L. and Bignon/ J , (1986) , 
Mut. Res . 169/ 1 4 1 . 
Jaurand/ M.C., Magne, L.^ and Bignon, J . (1979) . 
Br . J . I n d . Med. 3_i' ^13 • 
Ja\irand, M.C., Magne, L. and Bignon, J . (1983) . 
T o x i c o l , L e t t . , 1_5/ 205. 
JoneS/ P.D, and Walkil / S . J . (1967) , 
J . B i o l . Chem. 242/ 5267. 
Ju r t schuck , P . , Sekuzu, I . and Green/ D.E. (1961) . 
Biochciu, Biophys. Res . Comntun., 6_/ 76 , 
Kaplan, H., Renier , A./ Jaurand/ M.C. and Bignon, J . (1980) . 
S i s t e r chromatid exchanges in m e s o t h e l i a l c e l l s c u l -
t \ i red wi th C h r y s o t i l e f i b r e s . I n : ^ v i t r o e f f e c t s 
of mine ra l d u s t s . (R.C. Brovm, I . P . Gormley, M, 
Chamberlain and R, Davies , E d s . ) , Academic P r e s s , New 
York, p . 251 . 
Kann, H.E, and Mengel, C.E. (1965) . 
I n : P r o c . 3rd I n t . Conf. on Hyperbar ic Medicine (I.W. 
Brown, J r . and E.G. Cox, E d s . ) / N a t l , Acad. S c i . N a t l . 
Res . Counci l , 1966, p . 61w 
80 
Kaw, J . L . and Zaid i / S.H. (1975) . 
Acta , Pharmacol. T o x i c o l . 3_6, 225. 
Kei fe r , H., Lindstrom, J , , Lennox, F . S . and Singer , S . J . 
(1970) . P r o c . Nat . Acad. S c i . U . S . / 67, 1688. 
Kelsey, K.T. , C h r i s t i a n i , D.C. and L i t t l e , J . B , (1986a) . 
J . N a t l . Cancer I n s t . 22^2) , 3 2 1 . 
Kelsey, K.T. , Yano, E . , L ibe r , H.L. and L i t t l e , J . B . (1986b), 
Br . J . Cancer, 54, 107. 
Ki l roe -Smi th , T.A. (1974) . 
Env i ron . Res. 2 ' 110« 
Klamerth, O.L. and Levinsky, H. (1969) , 
FEES L e t t s . , 3_' 205. 
Kos te r , J . F . and S lee , R.G. (1980) . 
Biochim. Biophys. Acta . 620, 489. 
Lavappa, K . S . , Fu, M.M. and Eps t e in , S .S . (1975) . 
Environ. Res . 1_0, 165. 
Lechner, J . F . , Haugen, A,, Trump, B . F . , Tokiwa, T. and 
H a r r i s , C.C. (1983) . E f f e c t s of a s b e s t o s and c a r c i n o -
genic me ta l s on c u l t u r e d hijman b r o n c h i a l epithelixom. 
In : Hxoman c a r c i n o g e n e s i s (C.C. H a r r i s and H. Autrup, 
E d s . ) . AcaO.emic P r e s s , New York, p . 561 , 
Leineweber, J . P . (1980) . 
Dust chemist ry and p h y s i c s : Mineral and v i t r e o u s 
f i b r e s . I n : B i o l o g i c a l e f f e c t s .of m i n e r a l f i b r e s . 
( J . C . Wagner and VJ. Davis , E d s . ) , Vol . 2, p . 881, 
I n t e r n a t i o n a l Agency for Research on Cancer, Lyon. 
81 
Leineweber, J.P. (1981). 
Fibre Toxicology, J. Occup. Med, _6, 431. 
Light, Vv.G. and Wei, E.T. (1980). 
Surface charge and a molecular basis for asbestos 
toxicity. In: The _iii vitro effects of mineral dust 
(R.C. Brown, I.P. Gormley, M. Chamberlain and R. 
Davies, Eds.), Academic Press, New York, 1980, p. 139. 
Lilis, R. (1981). 
J. Occup. Med. §, 548. 
Livingston, G.K., Rom, V7.N. and Morris, M.V, (1980). 
J, Environ. Pathol. Toxicol. _4, 373. 
Long, W.K. (1966). 
Proc. Int. Congr. Human Genet..3rd Chicago, Abstr„ 
p. 59. 
Lowry, O.K., Rosenbrough, N.J.,Farr, A.L. and Randall, R.J. 
(1951). J. Biol. Chem. l^S, 265. 
Lutz, VJ.K. (1979). 
Mut. Res., 65, 289. 
Macnab, G.M. and Harington, J.S. (1967). 
Nature, 2^ 44, 522. 
Marchesi, V.T. and Palade, G.E. (1967). 
J. Cell. Biol. 35i, 385. 
Mavis, R.D. and Vagelos, P.R. (1972). 
J. Biol. Chem. 24_7, 652. 
May, H.E. and McCay, P.B. (1968). 
J. Biol. Chem. 243, 2288. 
82 
Mcknight, R^G., Hunter, F*Ei Jr. and Oehlert> W,K« (1965)* 
J. Biol. Chem. 240, 3439. 
Mengel, G.E, and Kann, Jr. H.E. (1966). 
Ji ;Clin. Invest. _45, 1150. 
Miller, K. (1978). 
CRC Grit. Rev. Toxicol. 5^ 319. 
Miller, K. (1980). 
The Jji vitro effect of different mineral dusts on the 
mechanism of phagocytosis. In: The in vitro effects 
of mineral dusts (R.C, Brown, I.P. Gormley, M,, 
Chamberlain and R. Davies, Eds.), Academic Press, 
New York, p. 91. 
Morgan, A. and Holmes, A. (1969). 
Neutron activation techniques in investigations of 
the couTposition and biological effects of asbestos. 
In: Pneumoconiosis Proceedings by the International 
Conference, Johannesburg (H.A, Shapiro, xCd.), Oxford 
University Press, Oxford, p. 52. 
Morgan, A., Holmes, A. and Talbot, R.J. (1977). 
Ann. Occup. Hug. _20, 39. 
Mossman, B.T. (1983a) . 
Environ. Hlth. Perspect., ^ , 153, 
Mossman, B.T., Eastman, A., Landesman, J.M^ and Bresnick, 
E. (1983b) i Environ. Hlth. Perspect., 5_1, 331. 
MtJkai, F.H. and Goldstein, B.D. (1976) . 
Science, 191, 866. 
83 
Muller , H . J . (1927) . 
Science/ ^ / 84 , 
Nash, T . , AllJ-KOn, A.C. and Harington, J . S . (1966) . 
Nature , 2_10, 259. 
G'Malley, B.W,, Mengel, C.E, , Meriv/ether, W.D, and Zirkle^ 
L.G. J r . (1966) . Biochem. _5, 40. 
Oshimura, M., Hes te rberg , T.W., T s u t s u i , T. and B a r r e t t , 
J . C , (1984) . Cancer Res . / ^ , 5017. 
Oshimura, M./ Hes te rberg , T.W, and B a r r e t t , J . C . (1986) . 
Cancer Genet. Cytogenet , _22/ 225. 
P a g l i a , D.E. and Va l en t i ne , W.N. (1970) . 
J . Lab. C l i n , Med., 16^, 202. 
P.a i les , vv.H./ Judy, D . J , , Resnick, H. and Cast ranova, V. 
(1984) . J . T o x i c o l . Env i ron . Hea l th , 1_4, 497. 
Pa lekar , L.D. , Eyre, J . F . , Most/ B.M. and Coff in , D.L. 
(1937) . Carc inogenes i s , 8 / 553. 
P e l e , J . P . and Ca lve r t , R. (1983) . 
Hemolysis by c h r y s o t i l e a sbes tos f i b r e I . Inf luence 
of the s i a l i c ac id c o n t e n t in human, r a t and sheep 
r ed c e l l membranes. J . T o x i c o l . Envi ron . Hea l th , 1_2, 
827. 
F i e t r o n i g r o , D.D., Jones , VJ.B.G., Kal ty , K. and Demopoulos, 
H.B. (1977) . Nature , 261^, 78 . 
P l a a , G.L. and Vvitschi, H. (1976) . 
Ann, Rev. Pharmacol. T o x i c o l . 16^, 125. 
P o t t s , W.J,, Lederer , T . S . and Gehring, P .T , (1978) . 
Ann.Ind. Hyd. Assoc. J . 39/ 497. 
84 
Poyer, J . L . and McCay/ P .B, (1971) , 
J . B i o l . Chem., 246/ 263. 
P r i c e - J o n e s , M.J . , Gvibbings, G. and Chamberlain, M, (1980) 
Mut. Res . 79,/ 3 3 1 . 
Pryor , W.A., S tan ley , J , P . and B l a i r , E . (1976) . 
L ip id s , n , , 370. 
Rahman, Q., Narang, S. , Kaw, J . L . and Z a i d i , S.H, (1974) . 
Envi ron . P h y s i o l . Biochem. _4* 28ft 
Rahman, Q., Viswanathan, P.N. and Za id i , S.H. (1977) , 
Env i ron . Res. 14, 487. 
Recknagel, R.O. , Glende, E.A. and Hruszkewyc-z (1977) . 
I n : Free r a d i c a l s in b io logy , (W.A. Pryor , E d , ) , 
Vol , 3 , Academic P r e s s , New York, p . 9 7 . 
R e i s s , V. and Tappel , A.L. (1973) , 
L ip id s , 8, 199. 
Richards , R . J . , Te t l ey , T.D. and Hunt, J . (1981) . 
Envi ron . Res . ^ , 243. 
R i t a , P . and Reddy, P . P . (1986) . 
Env i ron , Res . 41f 139, 
Rom, VJ.N., L iv ings ton , G,K., Casey, K .P . , Vtood, S.D., 
Egger, M.J , , Chiu, G,L. and Je rominsk i , L. (1983) . 
J . Nat . Cancer/ I n s t , 22 , 45 , 
Rosenberg, S.A. and G u i d o t t i , G .J . (1969) . 
I n : Red c e l l membrane: S t r u c t u r e and f u n c t i o n . 
( G . Jamieson and T , J . Greenwalt , Eds.) L ippo inco t t , 
P h i l a d e l p h i a , Pennsylvania , p . 9 3 , 
85 
Roth f i e ld , L.T. and Romeo, D. (1971) , 
In i S t r u c t u r e and func t ion of b i o l o g i c a l mernbrane. 
(L.T. R o t h f i e l d , Ed.) Academic P r e s s , New York, 251 . 
Rouser, G,, Nelson, G . J . , F l e i s c h e r , S. and Simon, G. 
(1968) . I n : B i o l o g i c a l membrane, p h y s i c a l f a c t and 
f u n c t i o n . (D. Chapman, E d . ) , Academic P r e s s , New York, 
p . 5 , 
Sakabe, H., Koshi, K., and Hayashi , H. (1970) . 
On t h e c e l l t o x i c i t y of minera l d u s t s . I n : " Inha led 
P a r t i c l e s I I I . " (W.H. Walton, E d . ) , Vol . I , Unv/in 
Bros, Old Working, Surrey, p . 433. 
Scha i re r , H.U, and Overath, P . (1969) . 
J . Mol. B i o l . M , 209. 
Schepers , G.V/.H., Durkan, T.M. and Del ah an t , A.B. (1955) . 
Arch. Ind . Heal th , 1_2, 348 . 
Schmid-Schonbein, H. and Well, R. (1969) , 
Science, 165, 288, 
Schn i t ze r , R . J . (1974) , 
Envi ron . H l th . P e r s p e c t . £ , 261 , 
Schn i t ze r , R . J . and Pundsack, P .L , (1970) . 
Envi ron . Res. 3_, 1, 
Secchi , G.C, and Rezzonico, A. (1968) . 
Med. Lav. _58, 1 . 
Segres t , J . F , , Kahane, I , , Jackson, R,L. and Marchesi , V.T. 
(1973) , Arch. Biochem. Biophys. 155, 167. 
Sel ikoff , I . J . and Hammond, E.G. (1978) . 
CA. Cancer J . C l in , 28, 87 . 
86 
Shabad, L.M., Pyler, L.N., Krivosheeva, L.V., Kulagina/ 
T.F. and Nemenko, B.A. (1974), J. Natl. Cancer Inst. 
_52, 1175. 
Shamberger^ R.J.^ Andreone, T.L. and Viills/ C„E. (1974). 
J. Natl. Cancer Inst. 5_3, 1771, 
Shasby, D.M., Petersen, M,, Hodous/ T,, Boehleckc, B. and 
Merchant, J, (1979). Respiratory morbility of wor-
kers cj(posed to wollastonite through mining and 
milling. In: "Dust and Disease" (R. Lemen and J,M. 
Dement, Eds,), Pathodox, Park Forest South III, p,251. 
Sincock, A,M. (1977). 
Pre l imina ry s t u d i e s of t h e i n v i t r o c e l l u l a r e f f e c t s 
of a sbes to s and f i ne g l a s s d u s t s . I n : Or ig in of 
human cancer ( H i a t t , H,H,, Watson, J . D . , VJinste, J . A . , 
E d s . ) , Cold Spx'ing Harbor Labora tory , p . 9 4 1 , 
Sincock, A,M., Delhonty, J ,D.A. and Casey, G, (1982) . 
Mut. Res , 101, 257, 
Sincock, A,14, and Seebr igh t , M, (1975) . 
Na ture , 2^57/ 56 , 
Singer , S . J . and Nicolson, G.L. (1972) , 
Science , 17^, 720. 
Singh, .-S.V., Das, B. and Rahman, Q. (1983) , 
J , Appl . T o x i c o l . , 3_/ 14. 
Singh, S,V., Das, B , , Rahman, Q., Viswanathan, P,N, and 
Kr ishna Murt i , C . R . (1982) . Ind . H l t h . _22' l^^* 
Singh, S.V. and Rahman, Q. (1987) , 
J , Appl , T o x i c o l . 7, 91,. 
87 
Skalak, R. and Branemerk (1969). 
Science, 164^ 717. 
Skaug, V,, Davics, R. and Gylseth, B. (1984). 
Br. J. Ind. Med. 41., 116. 
Skaug, V. and Gylseth, B. (1983). 
Environ. Hlth. Perspect. 5_1, 195. 
Slawscn, v., Adamson, A.v\, and Mead, J.F. (1973) . 
Lipids, 8, 129. 
Slater, T.F. (1979). 
In: Free radical and tissue damage (Ciba Foundation 
Symposium, 65), Excerpta Medica, Amsterdara, p. 143. 
Sors, H., Gaudicher, A., Sebastian, P., Bignon, J. and 
Even, P. (1979). Thorax, 3^, 695. 
Stalder, K. and Stober, W. (1965). 
Nature, 207, 874. 
Stanton. M.F-, Layard, M,, Tegeris, A., Miller, E., May, 
M. and Kent, E. (1977). J, Natl. Cancer Inst., _58, 
587. 
Stephen, A.F., Segel, G.B., Shohet, S.B. and Nathan, D.G. 
(1972). J. Clin. Invest. 5_^1, 1547. 
Stephens, R.E., Joseph, L.B,, Daniel, F.B., Schenck, K.M., 
Nevman, H.A.I., Lipetz, P.D. and Millette (1983). 
Environ. Hlth. Perspect. 5d, 257. 
Sweeley, C.C. and Dawson, G. (1969). 
In: Red cell membrane: Structure and function. 
(G .A . Jamicson and T . j . Greenwalt, Eds.) Lippoincolt , 
Philadelphiar, Pennsylvsmiar, p . 1. 
88 
Tanner, M.J.'.A. and Gray, W.R. (1971) . 
Biochem. J , 1_25/ 1109. 
Tappel, A.L. (1973) . 
Fed. P r o c . 3_2/ 1870. 
Tappel , A.L. (1980) . 
In : Free r a d i c a l in b io logy (VJ.A. Pryor , Ed . ) , Vo l . 4, 
Academic P r e s s , Nev/ York, p . 1 . 
T r o s i c , I . , Horvat, D. and Rac ic , J . (1986) , 
Per iodicum. Biologerium, ^ ( 3 ) , 269. 
Tsen, C.C. and C o l l i e r , H.B. (1960) . 
Can. J . Biochem. P h y s i o l . 3_§' 967. 
Tsukagoshi , K. and Fox, C.F. (1973) . 
Eiochera. _12, 2822. 
Valeno, F . , Veggi, M. and S a n t i , L. ( l 9 8 0 ) . 
Envi ron . Resi _21, 186, 
V a l e r i o , F . , d e F e r r a r i , M,, Otag io , L . , Rep t to , E . and 
S a n t i , L. (1980) . Cy togene t i c e f f e c t s of Rodesian 
c h r y s o t i l e on human lymphocytes i^ n v i t r o . I n : lARC 
S c i e n t i f i c P u b l i c a t i o n No. 30, I n t e r n a t i o n a l Agency 
fo r Research on Cancer, Lyon, France , p . 485. 
Viswanathan, P .N. , Rahman, Q., and Krishna Mur t i , C.R. 
(1981) . B i o l . Mem. 6, 134. 
Wagner, J . C . and Berry, G. (1969) . 
B r i t . J . Cancer, ^ , 567. 
Wagner, J . C , Berry, G, and T imbre l l , V. (1973) . 
B r i t . J . Cancer, _28, 173 . 
Wagner, J . C , Gi lson , J . C , Berry, G. and T i i i ^ r e l l , V. 
B r i t . Med. B u l l . 27, 7 1 , 
89 
Wal lach , D . P . H . and Z a h l e r , P . H . ( 1 9 6 6 ) . 
P r o c . N a t l . Acad. S c i . _56, 1552 , 
Wang, N . S . , J a u r a n d , M.C. , Magne, L . , Kheuang, L . / P i n c h o n / 
M.C. and Bignon , J . ( 1 9 8 7 ) . Am. J . P a t h o l . 126, 343 
W a t k i n s , V7.H. ( 1 9 7 0 ) . 
I n : Blood and t i s s u e a n t i g e n s (D. Aminoff, E d . ) , 
Academic P r e s s , New York, p . 2 0 0 . 
VJatkins, W.M. ( 1 9 7 2 ) . 
In: Glycoproteins: Their composition, structure and 
function (A. Gottschalk, Ed,), Elsevier, Amsterdam, 
p. 830. 
Wills, E.D. (1969a). 
Lipid peroxide formation in microscwaes: General con-
sideration. Biochem. J. 1_1J3, 315. 
Wills, E.D. (19 69b). 
Biochem. J. 113, 3 25. 
Wilson, G. and Fox, C.F. (1971). 
J. Mol. Biol. _55, 49. 
Wilson, G., Rose, S.p. and Fox, C.F. (1970), 
Biochem, Siophys. Res. Commun. 3_8, 617. 
Wright, A., Gormley, I.P., Ceilings, P.L. and Uavis, 
J.M.G. (1980). The cytotoxicities of asbestos and 
other fibrous dusts. In: "The _in vitro effects of 
mineral dusts", (R.C. Brown, I,P. Gormley, M. 
Chamberlain and R. Davies, Eds,), Academic Press, 
Nev7 York/London, p. 25. 
90 
Zaid i , S.H. (1969) . 
E3q)erimcntal Methods. I n : Exper imental Pnevunoconio-
s i s . Johns Hopkins P r e s s , Ba l t imore , p . 3 5 , 
Zimmerraann, F.K. (1971) . 
Biochem. Pharmacol. 20, 985. 
